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Left—View of clean hardening, auto- 
matic quenching and washing ma- 
chine, and draw furnace 


Below—Automatic mechanism tak- 
ing axles from oil quench to washer 
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An automobile manufacturer, well known for its long continued high quality motor 
cars, recently had the above SC Controlled Atmosphere Furnace installed to do the 
highest possible quality job of clean hardening of axle shafts. 


SC Gas Fired Controlled Atmosphere Furnaces are known for uniform high quality 
production, not only in the automotive field but wherever heat treating is done. Such 
results are achieved only by correct engineering and the right application of modern 


heat treating equipment. 


Consult our engineers regarding your heat treating problems. They will be glad to 
tell you about this and many other applications of SC Controlled Atmosphere Fur- 
naces for clean hardening, bright annealing and Eutectrol Gas Carburizing, all of 


which were developed in SC laboratories. 


Surface Combustion Corporation 


TOLEDO, OHIO Sales and Engineering Service in Principal Cities 
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Timken open hearth quality is established 


N 
/ G000 WILL \ and controlled by the same rigid testing 
BASED ON and inspection systems as those used in 
F000 aTEEL | producing Timken Electric Furnace Steels. 


Thus Timken Open Hearth Stecls occupy 
the same outstanding position in the open 
hearth field as Timken Electric Furnace 
Steels occupy in the electric furnace field. 
Your inquiries will be greatly anpreciated 


and promptly enswered. 
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Selecting 
the Proper 
Hardening 


Treatment 


By H. W. McQUAID 
Republic Steel Corp. 
Massillon, Ohio 


A VERY VALUABLE ACCOUNT OF THE 


various aspects of pack carburizing was _ pre- 


sented in last month's issue by John F. Wyzalek, 


full of practical suggestions for operators. The 
present author had previously attempted = a 


similar discussion of the newer process of gas 
Meral 


there remains one important phase of this ques- 


iburizing in Progress for last July. 


ion to round out the whole matter — namely, 


the adjustment of the details of the carburizing 
process to bring out the best properties of the 
steel, both in process and in use. This will be 
the subject of the present article. Some slight 
mention will be made of the preliminary normal- 
zing operations, and to make the matter specific. 
ither than an assortment of beautiful general- 

es, the case hardening of automotive gears will 
author’ has 


considered — something — the 


orked with for many vears, in his former 


mployment. 
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We will assume that the analysis has been 
chosen (or is inherited) from among many of 
the commercial steels which are giving satisfac 
tion when properly carburized and heat treated 
Che metallurgist is then immediately confronted 
with the problem of devising the best treatment 
of the part to be case hardened, and will find 
himself considerably confused if he endeavors 
to translate into practice the recommendations 
given in the average handbook, or in the avail- 
What is 


the best equipment and practice for producing 


able literature covering the subject. 


the finished part? 

Even the volume of production is a matter 
which influences the correct answer, for if the 
part requires a high alloy steel to produce maxi 
mum over-all strength, such as we would have in 
a double treated part of 5% nickel steel, the ques 
tion of processing and equipment is of less im- 
portance than if a lower alloyed or plain carbon 
part were in high production. This is true be- 
cause as a rule the higher alloyed parts are made 
in much smaller quantities, and the amount pro 
duced does not warrant expensive continuous 
heating or other operations, They are usually 
heated in small furnaces, charged by hand. 
Furthermore, these parts, due to their higher 
alloy content, are generally normalized in small 
furnaces and require a much more elaborate 
normalizing procedure than do the lower alloyed 


steels or plain carbon steels. 


Normalizing Practice 


It is impossible, in an article such as this, to 


vo into great detail about the normalizing and 


~ 


carburizing of the higher alloy parts; many 
elaborate and expensive methods have been 


worked out in the various plants in which they 
are used. It may be remarked, however, that a 
rather remarkable difference of opinion exists as 
to how best to do it. A good rule to follow with 
high alloy (and in fact, with most alloved steels 
nickel in 


containing combination with ap 


preciable amount of manganese and molyb 
denum) is to heat well above the critical range 
and to cool relatively rapidly to approximately 
1200° F., then cool very slowly from this point to 
approximately 500° F tapid cooling through 
the upper critical range in this way will reduce 
the apparent banding, and a very slow cool 
through the lower critical range will eliminate 
anv hard martensite which is formed from the 
austenite grains, high in nickel and manganese, 


which exist just above the lower critical point 
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An alternate method of normalizing which 
gives good results commercially with the higher 
alloyed steels is to air cool from a temperature 
well above the critical range and then reheat to 
approximately 1200°F., holding for several 
hours, and cool in the furnace. 

Kither of these methods will produce satis- 
factory results, although the first is preferred. 

Normalizing the lower alloy steels (such as 
nickel-chromium S.A.E. 3100 
molybdenum S.A.E. 4615, 30! 
S.A.E. 2315, and chrome-vanadium S.A.E. 6115) 
ordinarily becomes a more simple matter. This 
is particularly true of S.A.E. $115 and 6115, which 
They can be 


series, nickel- 


nickel steel 


show little tendency to air harden. 
normalized by heating to 1750° F., cooling fairly 
rapidly to 12007 F., 


In fact, very excellent results have been obtained 


and from there down in air. 


merely by air cooling these steels from 1750° F. 

With the advent of the fine grain, shallow 
hardening type, it has become necessary to in- 
crease the normalizing temperature to obtain 
structures having the best machining character- 
istics. This is true because the best machining 
characteristics are usually associated with a 
coarse pearlitic structure, and this coarsening is 
diflicult to achieve in the finer grained steels at 
temperatures below 17507 F. 

The S.A.E. 3115 and 6115 types, therefore, 
lend themselves to normalizing in the continuous 
pusher furnace, but S.A.E. 4615 and 2315 require 
more care and slower cooling to produce equally 
satisfactory results. In some heats of nickel- 
molybdenum steel, S.A.E. 4615, made under cer- 
tain melting conditions, it was almost impossible 
to obtain satisfactory machining by normalizing 
in a standard pusher type furnace and air cool- 
ing directly from temperature. For this reason 
the preferred normalizing cycle indicated above 
for higher alloyed steels is to be recommended 
for S.A.B. 4615 and 2315. 

In the case of the plain carbon carburizing 
grades, it is seldom necessary to normalize. 
Satisfactory machinability is had in the blanks as 
forged, unless they were rolled or forged under 


very adverse conditions. 


Single Quench Vs. Double Quench 


It is quite easy to find a printed recommen- 
dation that the best heat 
hardened parts is to quench directly from the 


treatment for case 
curburizing box, reheat above the critical of the 
core and quench, then reheat again above the 


critical of the case and quench, and finally draw 
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at approximately 300° to relieve the stresses tha 
are supposed to be present in the steel. Thi 
recommendation is apparently based on the ide: 
that the more often the part is heated, the bette: 
the case will be! It is very seldom followed! 

It is also recommended in the literature tha 
the next best treatment is to quench directly fron 
the carburizing box to “refine” the core, then t 
reheat above the critical of the case to refine it 
Sometimes it is recommended that the part b 
cooled in the carburizing box, reheated once 
above the critical of the case and quenched; i 
this condition the part is spoken of as having a 
“unrefined core with a refined case.” In most 
textbooks the least-recommended treatment is 
to quench directly from the carburizing box and 
use as quenched. 

Which one of these treatments is the best 
however, and which should be selected for a 
given part, depends not so much on the quench 
to “refine” the case and the core, as it does upon 
the structure which is desired in the case, and the 
over-all properties of the carburized piece. This 
has been proven to be true of case hardened 
ring gears and pinions; best life in dynamometet 
tests and longest life in service have both been 
correlated with the microstructure of the case, its 
depth and the characteristics of the transition 
matter how 


zone. <Any heat treatment no 


simple — which will give such a structure will be 
satisfactory. 

One of the most absurd and meaningless 
phrases used in describing case hardened parts 


What 


we are interested in is the toughness of th 


is “a hard case and a tough, ductile core.” 


finished part, including the case, and while it is 
a simple matter to get the hard case and _ the 
ductile core, it is not so simple to get a case with 
maximum resistance to wear combined with the 
We then 


internal 


minimum tendency to localize stresses. 
become interested in the amount of 
stresses in the hardened piece and bump up 
against the fact that a hard case has high in 
ternal stresses, and is often associated with a 
soft, ductile core. 

With the advent of the fine grain, shallow 
hardening type of steels, it was found thal 
quenching certain analyses directly from the cat 
burizing box would produce structures especially 
suited for heavy duty gears. For many years 
(before a full knowledge of the importance o! 
grain size was available) it was customary t 
quench the chromium-vanadium type of gea! 
steels directly from the carburizing box wit! 
quite satisfactory results. With the developmen 
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of the fine grain type in other grades of steel, 
quenching direct from carburizing became com- 
mon. The reason for this is, of course, that it is 
not only more economical, but it produces an 
austenitic-martensitic structure which is con- 
siderably more stable under the conditions met 
in service (that is, has a lower tendency to score 
in the heavily loaded gears) than the martensitic 
structure resulting from a quench from lower 
temperatures, 

Some of these facts were substantiated in an 








ma DOs PRE 


creasing amount of austenite present in the high 


nickel alloys (342 and 5‘. ) when quenched in oil 
from the box at high temperatures (1675° F.) 
Due to the presence of a martensitic zone be 
neath the austenitic-martensitic surface, an 
initial tensile stress is set up in the austenite at 
the surface because of the greater unit volume 
of the martensite as compared to the austenite, 
which reduces the residual strength of the case 
capable of withstanding external stress imposed 


by the testing machine (or service) 





Counterflow Recuperative Carburizing Furnace in a Bear- 
ing Manufacturer's Plant (Courtesy Electric Furnace Co. 


extensive investigation of case hardened com- 
mercial steels, made under the writer's super- 
vision and described in a paper by O. W. 
McMullen, entitled “Physical Properties of Case 
Hardened Steels”, read before the last annual 
convention of the American Society for Metals. 
One of the tests was a special bend test in which 
the first failure in tension (cracking) could be 
determined in the case. It will be noted from the 
ligure at top of page 28, taken from that source, 
that increasing the case depth decreases the case 
Strength in the box quenched samples of S.A.E. 
slo and 2512 (marked B.Q.), while with double 
treatment (22.7.) the reverse is true. This differ- 


ence in strength is believed to be due to the in- 
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It will be noted that the S.A.E. 2512, when 
single treated from 1450° F., still falls off in 
strength with increasing case depth, while the 
S.A.E. 2315, 


increases slightly in strength with in 


single treated quenched = from 
1475° F.., 
creasing cast depth For cases above 0.050 in 


deep, S.A.E. 2315 single quenched is strongel 
than either the 2315 or 2512 box quenched It 
should also be noted that the double treated case 
of S.A.E. 2315 is stronger than the single treated 
or box quenched case of S.A.E. 2512 lhese tests 
also show that the high carbon cases of S.A.1 

1615, $115, and 6115 have approximately the same 
strength, and are all weaker than S.A.E. 2315 


In the verv heavy cases. however, when boa 
































550 ‘cei NDT @ Single Rouble R elatio n Between 
. Stee Seatmarnt peatment Strength of Hardened 
Y tee/k e + + Case, Its Depth and Its 
g “072 iy oe" a a fl Method of Heat Treat- 
S z, 2512 1450° 1550° then I z5O¢ ment (After McMullan 
Pg te. k 14 50° 1550° then 1400 All steels were fine grain, 
S V : 14 75° 1550° then 1400 carburized to high carbon 
Ss case, box quenched from 
s§ ; 1675° F. in oil. Some sam- 
2“ : i | ples were then double 
S ‘S> 7 All samples quenched fram box treated (marked D.T.), 
C ~~ a, 512 at 1675 °F, in of others single treated 
£ S.T.), and others not fur- 
2 2% T —— T as ther treated (B.Q.), as 
RN 0 BO, mm. a= Box Quenched shown in the _ schedule, 
% eS7. Single Treated Krupp steel “K” analyzed 
6 DT. ————Double Tresteo 4° Ni, 15% Cr, 0.08% C. 
S 7150 “N” steel analyzed 3.5% 
2.020 2.040 0.061 0.080 7.100 Ni, 0.250% Mo, 0.18% C. 
Case Depth in Inches 
quenched, there is little to choose in strength be- tendency to warp, and (with the high alloy 


tween any of the analyses. In fact, when the case 
0.080 the 


alloyed steels may have a definitely stronger case 


is approximately in., lower 


depth 


than the higher alloyed steels. 


described — by 


These Mr. 
McMullan proved conclusively that the maximum 


investigations 


case strength is obtained with steels of the fine 


sive 


~» 


which is 
approximately eutectoid in carbon content. The 
the found in the 
coarse grained steels, carburized to give a high 
carbon While the 
plotted in the figure are approximate, they show 
the 
maximum 


grain type, carburized to a case 


weakest condition of case Is 


(saturated) case. values 


an unmistakable trend and indicate most 


satisfactory heat treatment where 


strength is required. However, we must sacrifice 
case strength for stability for many applications 
where the part in service develops a high skin 
temperature from the energy lost through fric- 
tion, or where a maximum resistance to abrasion 
of 


should not be too hasty in selecting a heat treat- 


is the greatest importance. Therefore, we 


ment merely on the basis of maximum strength. 


Auxiliary Effects 


Before selecting a case hardening practice, 
some of the pertinent and sometimes overlooked 
fundamentals of the effect of treatment on over- 
all properties should be firmly fixed in the mind 
of every metallurgist. They should be familiar 
with the results obtained by small variations in 
commercial practice. These may be set down as: 

1. The the the greater the 


deeper case, 
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types) the greater the internal stress in the case 
when the part is direct quenched. 

2. The more nearly the carbon content of 
the case approaches eutectoid, the higher the 
over-all strength of the carburized piece. 

3. 
tension is obtained by double treatment 


The maximum strength of the case in 
that 
is, a reheat above the critical of the core followed 
the of the 
quenched from each temperature in oil. 

1. 


greater the file hardness. 


by a reheat above critical case, 


The higher the carbon in the case, the 


». The greater the case depth, the weaker 
the 


This is partic- 


becomes in tension when is 


the 
quenched directly from the box. 


case part 
ularly true of the highly alloyed steels, and is not 


very noticeable in the commercial treatment of 


some of the lower alloyed, shallow hardening 
tvpes, although the tendency exists. 

6. 
gether with maximum stability of case, the higher 


For maximum resistance to abrasion, to- 


carbon, fine grain types containing chromium or 
molybdenum are the most satisfactory, partic- 
ularly when direct quenched. 

7. For maximum case strength, the lower 
carbon, fine grain types are recommended. 

From the above, it is quite obvious that if 
frequently becomes necessary to sacrifice maxi- 
mum case strength in order to obtain other prop- 
erties which are important in the finished part. 
Since a coarse grained, carburizing grade of gear 
steel is not recommended in the alloy grades, it 
is immediately apparent that the control of grain 


size and hardenability is of primary importance 
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to the producer of case hardened parts of alloy 
steels. It is also evident that, since the distortion 
is primarily controlled by the case depth, the 
most accurate parts are obtained with minimum 
depth. It is, of course, dangerous to have cases 
which are so thin that flaking occurs, and here it 
should be pointed out that the flaking of thin 
cases is due to fatigue in the gradation zone 
underneath the case, and that failure works from 
the inside out, rather than from the surface in. 
he figure on this page is a diagram bor- 
rowed from 2 oa Woodvine's paper in Car- 
negie Scholarship Memoirs, 1924. 


= 


It shows the 
maximum stress in a round bar, tested in bend- 
ing, from surface to neutral axis plotted as one of 
the lines OD, OK, or OB,. The minimum depth 
of case which can be used may be determined 
from this diagram. 

For instance, OA is laid off as 70,000 psi., and 
a vertical line is drawn representing the fatigue 
resistance of the 2512 core (double quenched). 
Similarly a vertical erected at B represents 120,- 
OOO psi., the resistance of the case. 
Assume the case to be 0.060 in. thick and the 
diameter of the piece is 0.26 in. (core radius 0.070 


fatigue 


in.). The fatigue resistance of the carburized 
piece is then represented by the line B,-B,-A,-A. 
If the maximum stress is as represented by OB.,, 
no trouble need be expected, as these values are 
all less than the fatigue resistance of the cor- 
responding part. However, if the case were 
thinner (say 0.040 in.), the fatigue resistance of 


the part would be represented by the line 


B.-B.-A.-A, and there is a region in the transition 


fatigue Is more important at the junction of cor 
and case than it is at any other point. To remedy 
the difficulty at A,-7, the case should be deepened 
(line BA 
A-A, shifted to right), the piece made larger (line 
G-B. raised) or the stresses lowered (line OB 
tilted up to O-A,). 

It should be remembered at all times that 


lowered), the core strengthened (line 


this diagram applies only in the absence of in 
ternal stresses, and hence can only be used for 
double treated parts (and then with caution) 
It does explain the common failure by flaking 
when the case is thin, and indicates the remedies 

It is also apparent that the softer gradation 
zone and core, lower in carbon, underneath a 
thin case may be subjected to stresses far above 
the endurance limit, and fail quickly due to fa 
tigue. This can be overcome by increasing the 
core strength and also by increasing the cass 
depth. It is quite evident that it is more difficult to 
increase the core strength of a fully quenched 
core than it is to deepen the case, but here again 
we must guard against excessively heavy cases 
which introduce internal stresses and increas« 
warpage. The proper combination of case depth 
and core hardness can be determined by a study 
of warpage; if the heavy cases cause too much 
trouble from change in shape, it may be necessary 
to increase the carbon or alloy content of the core 


to obtain a core which is strong enough. 
Surfaces, File Hard 


In writing specifications for case hardened 














zone, shown as a cross-hatched triangle in the parts, it is well to remember that the surfacs 
diagram, where trouble may be expected. hardness as indicated by the scleroscope, Rock 
This means that the strength in tension in well, or Brinell tests depends upon the micro 
5 , i ‘ 
< 
= é 
Diagram Showing Fatigue : , ‘] 4 ; | 
Strength of Case and Core of S - 
Various Case Hardened Steels, = ° Ag SN: 
and Source of Failure in Tran- S , _ j 
sition Zone When Bending & r ; 
Stresses Are Too High I fter e g 
Woodvine Internal quench- 8 
ing stresses are disregarded, = 
hence the diagram applies only i 
to double treated steels y 
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structure being tested, and is not always related less than in the heavier cases. We have there 





















to the file test and to service life. fore combined a high carbon, file hard 
In spite of the shortcomings of the file test, martensitic case containing only a small amount 
experience indicates that it is the most satis- of austenite a structure which will be at leas! 
factory of all tests for the life of case hardened 8) scleroscope hard. (Just what the advantage 
gears. This is especially true of case hardened of having the scleroscope hardness of 85 really 
alloy parts quenched directly from the carburiz- is cannot be stated, since a high scleroscops 
ing box, where the presence of retained austenite hardness without file hardness is of no value in 
lowers the scleroscope and Rockwell readings. It a gear, Whereas a low scleroscope hardness with 
is quite possible (with the right combination of a high file hardness produces a very satis 
carbon in the case, alloy content, and quenching factory gear!) 
speed) to produce file hard cases which have a The above can be reviewed in a few words 
comparatively low Rockwell and scleroscope by stating that with the advent of the new knowl 
reading, and service records indicate that the file edge in melting practice, and the application of 
test is the true indicator, while low Rockwell and grain size and alloy content to the control of 
scleroscope values have no bearing on the per hardenability, it has become necessary to alte: 
formance. In fact, it seems to be true, partic old ideas as to what constitutes the proper heat 
ularly with gears and other parts which are trealment for case hardened parts. The new typs 
subject to heavy abrasive loads combined with of alloy steels, with their very much reduced 
consequent high skin temperatures, that the com tendency to coarsen in the carburizing operation, 
bination of file hardness with low Rockwell o1 and the knowledge of the benefits to be obtained 
scleroscope indicates the best structure. by direct quenching, have made this treatment 
It is for this reason that direct quenching has popular, particularly with the alloy grades. 
become almost universal for heavy duty, case 
hardened pinions. The last drawing shows the F = - 
relation between Rockwell, scleroscope, and file ewe ” rompering Fompovatare an ie 
Rockwell, Scleroscope, and File Hardness of 
hardness of case hardened alloy parts drawn S.A.E. 3115, Water Quenched, Showing How 
differently. The curves are for water quenched to Get a File Hard Surface With a Low 
S.A.B. 3115, but similar conditions exist in prac Rockwell or Scleroscope Hardness. Quench- 
tically all carburized alloy steels. It will be noted ing temperature either 1700 F. or 1400° F. 
that when the austenite, retained after quenching 
from 1700° F., decomposes, there is a consider ‘ 
able increase in the scleroscope readings and a c 
decrease in file hardness. The figure shows that x 
it is possible, with a direct quenched S.A.E. 3115 e 
steel, to retain a scleroscope hardness of 75 by 
drawing to either 400 or 700° F., while an inter- . 
mediate drawing temperature will result in a ¢ 
higher scleroscope reading. f 
It must be remembered also that the amount 
of austenite retained will increase with increas- . 
ing case depth and carbon content for a given 
alloy steel, and hence where you need the maxi- 
mum Rockwell hardness together with a maxi- e 6 
mum file hardness in a direct quenched steel, S 
the case should be as thin as service require- © 
ments will permit. For this reason, the best = 55 
combination of minimum distortion and maxi- = 
mum surface hardness in such parts as passenger & 
car transmission gears will be obtained with the ae ———_ uenched from 140 
minimum case and a high quenching tempera- ; =——— Quenched from 1700°F 
ture. The carbon content of a case must be as 
high as possible to obtain the maximum file hard- i. Filo Hard ~+~-»<- Soft to File 
ness, but the amount of austenite which is ie 200 400 5N0 9 
retained in the thinner cases will be decidedly lempering Tempereture, F 
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Chromel & 


Alumel; Alloys 


for Thermocouples 


By W. A. GATWARD 
Chief Engineet 
H Skins Mfg. Co... Detroit 


Aww [20 YEARS AGO, WHEN PYROME 


ters were Just coming into general industrial use, 
there became evident a need for a pair of wires 
which could be used as a high temperature ther 
mocouple in connection with a rugged portabl 
millivolt meter. In fact, it was not until such a 
pair of wires was produced that the industrial 
pyrometer did come into general use. Naturally 
he wires had to be very heat resistant, but an 
ther requirement was that the relation between 
lectromotive force generated at the junction 
ind the degree of heat responsible for it (emf. 
Ss. temp.) must be much higher than that avail- 
ible from platinum thermocouples, then in lab 
ratory use, in order to produce enough current 
» operate the meter or indicator. 
In working with thermocouple wires it. is 


cessary to use some standard of comparison 
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and one really should not talk about a pair of 
wires as a thermocouple, but he should talk about 
various Wires as referred to this standard of com 
parison. It has been found that platinum is the 
best wire for reference purposes 

Nickel is strongly negative to platinum and 
the alloys of nickel and chromium are positive to 
platinum. Both nickel and the nickel-chromium 
alloys are heat resistant and it was quite natural, 
in developing a high temperature thermocouple, 
that a combination of this sort should eventually 
be developed. The curve of electromotive fore: 
versus temperature of nickel against platinum, 
shows irregularities at the transformation point 
of nickel, namely, about 700° FF. Furthermore, 
nickel itself is quite treacherous as regards em 
brittlement when exposed to furnace gases \ 
great part ol the early development was on an 
alloy wire to overcome these difliculties Phe 
resulting alloy known as “alumel” consists of 
about 95° nickel with additions of manganese, 
silicon, and aluminum. 

lor the positive wire, the “chromel” which 
was eventually chosen contained approximately 
QW) nickel and 10 chromium. It vielded al 
most the maximum positive emf. against plati 
num that anv allov in this binary system could 
produce. 

The emf.-temp. curve of chromel vs. alumel 
which covered the range from 32 to 25007 F. was 
remarkably straight. In fact, it was so regular 
that it could almost be considered a straight line 
Furthermore, the emf. was sufliciently high that 
the millivolt meters being used at that time made 
very satisfactory portable pyrometers. The alloys 
also proved to be relatively INCAPCHsive 

rhe original electrical data on chrome! 
alumel couples were published about 1915. All 
through the rapid metallurgical and industrial 
development since that date more and more in 
struments were sold and greater accuracy was 
demanded by the pyrometer manufacturers and 
Naturally the prime obligation on the part 


of the makers has been to maintain the millivolt 


users, 


values originally established so that control 


equipment already in use could be retained 


Manufacturing Limitations 
The production of the thermocouple alloys 
chromel and alumel therefore presents a most 
unusual metallurgical problem. Both of thes 
alloys may be classed as heat resistant, but they 
must be treated differently from other modern 


heat resistant allovs, for their industrial value 
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and widespread use is based on physical prop 
erties, the values of which were established many 


fo and these physical properties must be 


years ag 
maintained as standards for many vears to come. 

The original chromel and alumel alloys were 
melted in small heats in a carbon resistor type 
of furnace from virgin raw materials. The raw 
material of that time was not as uniform as it is 
now and even with the greatest of care, it was 
not possible to duplicate the electrical character- 
istics closely enough, even to satisfy the relatively 
easy specifications of that day. To get around 
this difficulty the alloys were classified so that 
if a heat of chromel tested higher than the de- 
sired value, it was matched up with a heat of 
alumel which tested lower than the desired value 
by the same amount. This resulted in a series of 
classes which, in the early days, was quite cum- 
bersome. 

In the manufacture of the usual industrial 
alloys, the metallurgist is free to adopt the most 
modern or most desirable production methods 
and he may manipulate old or newly discovered 
ingredients in any way he sees fit in order to raise 
the standard of quality of the alloy. In other 


words, so long as each heat is better than the 














previous one, he is quite content. For most allo \s 
the quality is judged by its ability to vield hig! 
values in various physical tests, such as streng 
corrosion resistance, resistance to oxidation «) 
what not. On the other hand, any modificati 
in the metallurgy of thermocouple alloys must 
very thoroughly tested before adoption and sor 
otherwise desirable changes cannot be made 
all because they would produce material whi 
would deviate from the standards mention 
above. 

In response to the above considerations | 
published emf. values have been slightly changed 
twice in 20 years. Unavoidable changes in ray 
material have been responsible for most of this 
modification, but slight inaccuracies in the or 
When it 


was first discovered that the alloys were not pi 


inal work have also been eliminated. 


ducing emf.’s called for by the standard cury 
the most desirable thing would have been 

modify the alloys so as to make them produc 
the proper values. This was attempted, but it 
soon developed that under the existing conditions 
of melting and with the available raw material, 
the published curve did not truly represent thy 


alloys. A change in the basic standard was ther 


Pouring a Heat of Chromium-Nickel Alloy “Chromel” From High Frequency Induction Fur 


nace. 
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Note pouring thimbles mounted on each ingot mold. Bottom of casting pit is a turntab! 
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fore made in 1927 and, as modi- 
fied. the curve was continued un- 
til 1932. By 1932 the present 
modern induction method of Temperature 
melting was available and raw F. 
material had been firmly stand- me 
ardized, and it seemed that the 300 
time was ripe for a reappraisal a 
of the situation. Therefore 50 
heats of each alloy were prepared a 
under carefully controlled condi- ean 
tions, such as would duplicate the oo 
original alloys, and the U. S. Bu- 
au of Standards undertook the 1100 
ery difficult task of determining ao 
he average shape of the curve 1400 
f electromotive force vs. temper- awe 
iture of this large number of 1600 
700 
samples. Sa, . the 
This investigation resulted in 1900 
the curve adopted in 1932. Full 2000 
details may be had in Bureau of 2100 
Standards, Journal of Research, 2200 
March, 1932, in the paper by W. coe 
F. Roeser, A. I. Dahl and G. J. 2500 
Gowens. These values are now 
standard throughout the world. 
\ll scales and charts in existence 
prior to 1932 were designed on Temperature 
the basis of the original couple — 
data. The use of metal melted 39° 
since 1932 vields just as good ac- 30 
curacy on these old scales as was os 
obtained prior to 19382, but, to ob- 0) 
tain the accuracy of which the o 
present-day couples are capable, 30 
scales should be remade to agree = 
with the data of 1932. The table 60 
on this page shows the original 70 
(1915) data at definite tempera- 





Millivolt Equivalents for Chromel-Alumel Thermocouples 


Temperature-Millivolt Equivalents at Low Temperatures 


(Cold End at 32° F.) 


Original Data B. of S. Data Char 
(1915) for 1932 Mil 
1.50 1.52 02 
3.90 3.82 Os 
6.22 6.09 13 
8.45 8.31 4 
10.72 10.56 t 
13.00 12.85 
15.25 15.18 0 
17.60 17.52 0S 
20.00 19.88 
22.30 22.29 
24.70 24.62 "= 
27.00 26.08 0 
29 30 29 33 O03 
31.60 31.65 U 
33.90 33.94 4 
36.20 36.20 zeré 
38.45 338.43 0. 
40.00 40.62 (i 
2.70 42.77 0 
44.80 44.89 09 
46.90 46.97 () 
49.00 49 0] 0] 
51.06 51.00 (n 
53.05 52.95 
5.08 54 on) 


Chromel vs. Alumel; Cold End at 32° F 


le perat iret ler perat ire 
Milli Degrees M Degrees M 
volts Fahr. volts Fah 
zero SU 2.20 200 jo 
O4 90 2.47 210 144 
26 100 9 65 IH) v7, 
47 110 2.84 230 17] 
OS 120 3.0] 240) 1 84 
S9 130 3.19 250 £96 
1.10 140 3.36 260 Ox 
1.30 150 3.52 270 } 
1.50 160 369 PR() 34) 
1.70 170 3.84 290 j 
1.90 180 4 00 300 ) 
2 09 190 $15 310 , 60 








tures compared with the similar 
1932, 


During the investigation at the Bureau of 


data adopted in and now the standard. 
Standards, the millivolt equivalents were also 
310° F., and these values 
are presented in the same table. While the emf. 
S00° F 


nevertheless with modern methods of measuring 


determined down to 


ivailable from the couple at .is only 5.51, 

potentials such a thermocouple becomes a very 

useful device for measuring very low tempera- 
ires at inaccessible locations. 

he problem of testing the thermal emf. of 

thermocouples is a highly specialized task; some 

idea of it will be given a little later. Enough has 


ilready been said to indicate that the alloys have 
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been and are being manufactured to a very high 
The that if the 


user applies them with intelligence, satisfactory 


order of uniformity. result is 


sery ice W ill result. 
Precautions in Use 


Phe couples yield best results in an oxidizing 
atmosphere and should never be used in reducing 
atmosphere. The oxides of both alloys are pret 
erentially reducible, and the presence of any re¢ 


nickel on 


a certain source of trouble. 


the surface of an alloy wire Is 


Dhere 


gradient along the 


duced 
is bound to be 
when in 


a temperature wire 
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same material as the th 
mocouple. Theoretically 
would be possible to prod 
a pair of substitute wires 
develop Live 


which would 


same emf. at temperatures 
likely to be 


“cold” end, but 


reached at thy 

practica 

this has never been done 
Other 


use may be derived from 


precautions 
careful reading of the fol 
lowing brief outline of test 


methods. 


Testing of Wire 





There are three methods 
of testing thermocouple w 
and all of them have limita 


tions. The “unknown” wir 
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that is, the wire being tested 


can be welded to a length 





platinum wire of the prope 





arg 


‘| purity and not contaminated 
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Relation Between Standard Thermocouple Wires and 
Dotted lines show that of various materials. This 


Which Is Zero 


Platinum 


errors cancel if of same amount 


use and if they are covered with even a small 
amount of reduced nickel, circulating parasitic 
currents will be developed flowing counter to the 
main thermocouple current. 

It has been found for extreme cases of re- 
ducing gases above 2000° F. that the highest grade 
of refractory protection tube must be used, as 
there is no known metal tube which will give 
Below 2000 


nickel-iron-chromium protection 


suflicient protection. and down to 
about 1600° F, 
tubes are usually adequate. For the low temper 
atures, iron tubes have been successfully used, 
but the maximum temperature at which they will 
vive adequate protection is about 1100° F. and 
at such a temperature it is more ecconomical to 
use tubes of heat resistant alloy. 

lo get the most accurate results with 
chromel-alumel thermocouples, it is necessary to 
use the same alloy wire leading up to the record 
ing or indicating instrument. This is quite evi 
dent when we consider the situation at the cold 
end of the thermocouple. At this point there are 
two junctions and naturally these will be ther 


mocouple junctions if the lead wire is not the 
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in anv way. The couple thus 
formed can then be checked 
at the known melting points 
and same sign method is the nearest to 
fundamental method, but 
is cumbersome and tedious and requires co! 
siderable care in the selection of crucibles and 
metals of known melting points. 

Another method implies the use of a pla 
num thermocouple of known and _ established 
accuracy and one which can be maintained as | 
accuracy. In this method, the tip of the plat 
num thermocouple is connected to the end of | 
unknown wire by a short piece of platinum wi 


say 12 in. long. This combination is then insert 


in a suitable furnace, the temperature of whic! 
is measured by the platinum couple. The et 
of the unknown wire against the pure platin 
wire is then measured at this temperature. (A 
convenient way is to use two potentiometers, 
that simultaneous readings can be taken on 
platinum couple and on the unknown wire. 
iwo potentiometers are not available, one is st 
cient, providing the temperature can be ma 
tained steady for a few moments.) This met! 
is all right in the hands of an expert, but 
operator has a serious responsibility in mak 
this sort of a check. The furnace must have 
oxidizing atmosphere and great care must 
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used to avoid any gas entering the furnace such 
as might be given off from asbestos insulation or 
asbestos string. The cold ends must be main- 
tained exactly at 32° F. or some other known tem- 
perature, and the platinum thermocouple stand- 
ard must be checked very frequently against 
other standards to be sure that the temperature 
of the furnace is accurately known. 

A third method of testing unknown wires 
involves the use of a wire of the same material 
which has been standardized by one of the pre 
ceding methods. This method is perfectly reli- 
ible and on the average will yield more accurate 
results. In conducting this test, the unknown 
wire is simply welded to the known wire and 
nserted in a furnace which does not need to be 
closely held to any particular temperature, In 
other words, if the test is wanted at 1600° IF 
the furnace can be within 50° of this. 

Precaution must again be taken as to con- 
tamination by furnace gases. In testing a piece 
of unknown wire, it is well to measure its emf. 
against its standard on a rising heat and it Is 
also advisable to use a No. 8 gage wire as a stand- 
ard, because such a wire is self supporting in a 
urnace and will stand more abuse than the finer 
sizes of wire. If the standard wire is heated to a 
temperature above 2000° F., it is advisable to cut 
off the part which had been heated before an 
other test is made, so that in case the standard 
has been contaminated, the bad part will be re- 
moved before any assumption is made as to its 
condition. The cold ends of the wires must be 
kept at the same temperature (which can be that 
of the room). The only precaution is to be sure 
that these cold ends are protected from radiated 
heat or drafts. The samples may be connected 
to the measuring device by copper leads. 

Since the value of the unknown wire is un 
known at the beginning of the test, it is conven 
a measuring instrument with a zero 
A millivolt meter 


siving a full scale deflection on 10 millivolts is 


lent to use 


in the middle part of the seale. 


perfectly satisfactory for this sort of a test and 
in case it does not have a center zero, then the 
needle can bye adjusted to stand directly over the 
one millivolt figure. Under these conditions no 
matter whether the unknown wire is plus o1 
minus to the standard, the reading can be made. 
the standard wire should always be connected 
to the negative binding post. 

Phere is apt to be some confusion in measut 
ing the errors of these two wires against their 
Standards and the sketch on page 3l has been 


drawn with the idea of explaining the standard 
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method of marking these thermocouple wires 
When considering chromel against its standard, 
if the departure is positive, then the wire has a 
plus error and this error would cause the thet 
mocouple to read high. This is quite simple and 
When dealing with the alumel, if the 


unknown wire is positive to its standard, this 


logical. 


error would cause the thermocouple to read low 
and, as seen from the curves, the emf. of the 
alumel against platinum would be less than if 
should be. This means that if both wires have 
the same sign and the same amount of error 
against their standards, then a’ thermocouplk 
made from these unknown wires would have no 
error at all, and no correction to be applied. In 
other words, if the errors have the same sign, 
they tend to compensate and if at the same time 
they have the same magnitude, then they folally 
compensate. For practical purposes, an error of 
0.1 millivolt on either wire will cause an erro! 


on the thermocouple of approximately 4 


Vethod of l esting Several Sample s of Wire of 
Same Alloy, by Comparing the E.M.F. of Each 
I gainst a Standard, to Which They Are Welded 











e 1. The results are not sufficiently accura 
and discriminating to indicate any but rath 
large differences in materials. 

2. The results are in terms not applicab 
for use in design. 

3. The results are not comparable betwee 

Relation different types of machines. 
In the present general state of knowledge, 
it may well be stated that very little is know 
as to what impact values really mean. The 
are undoubtedly susceptible of discriminati 
i between correctly and incorrectly heat treated 

© f mp a ct materials, but the results are far from acceptab! 

as a definite measure of serviceability. In th 

notched bar test, the notch is used to locate tl 

point of fracture, and the results obtained ar 

largely dependent on the form of the notch 

and Tension Even when such tests are made with extrem: 
care, duplicate tests often give widely different 
results, and present a serious question as to how 
far they should be relied upon to differentiat 
between the physical characteristics of different 

materials. 


Tests of Steel 


Variations in Methods and Equipment 


Unquestionably, one of the greatest influ 
ences retarding the impact test has been the gen 


By H. C. MANN eral use of a wide variety of shapes and sizes of 
Research Engineer both notch and specimen, each giving a new 


Watertown Arsenal . _ : . : ' 
series of impressions as to the interpretation o! 


the results obtained. Therefore, from the ea 
liest investigations of this subject, attempts hav 
been made to correlate impact strengths with 
some physical characteristic of the static tensio: 
test. While no definite results were obtained, 
these investigations brought out the following 


I, ORDNANCE PRACTICE THE NOTCHED important facts: 


tension type of impact specimen is specified for 1. A material has the capacity of absorbing 

the inspection of certain classes of forgings, and only a limiting amount of energy per unit ol 

such impact values (when considered together volume. 

with static tension tests) have been extremely 2. A material possesses a definite limiti 

valuable in determining the acceptability of rate of energy propagation or absorption. 

material for severe service. Since our beliefs Another handicap of the notched bar impa 

in this matter are at variance with those held test is that of variability in the testing machine! 

by a number of competent metallurgists through- Unlike the tension, or static test, wherein t! 

out the metal industry, it would be desirable to physical characteristics brought out by any 

outline the facts which have convinced us. the several available types of testing equipme 
Conclusions stated at a symposium on im- are essentially the same, the dynamic, or impa 

pact testing held by the American Society for test, vields a wide divergence in results becau 

Testing Materials in 1926 may be taken to rep- of the varying forms of specimens and metho 

resent the present-day status of the impact test of load application used. 

(on notched bars, broken transversely) from a We will assume that the reader is sufticient 

commercial standpoint: familiar with the operation of the pendulum ty | 

t ed f , he Chief of dna A, 
36 METAL PROGRE 








f machine, so that only the merest mention of 
In the 


Izod machine the specimen is placed in an up- 


the two principal designs shall be made. 


right cantilever position and the projecting end 
is hit by the swinging pendulum. In the Charpy 
machine the notched specimen is supported at 
both ends and the pendulum strikes it directly 
opposite the notch. 

Che fixture for testing specimens in tension 
impact is less well known, and as it is the one 
which will be discussed in what follows, it is 
shown in the adjoining figure, where it is at- 
tached to a Charpy machine. 

When testing for impact in tension, one end 
of a tension specimen is screwed into the back 
edg 


screwed into a crosshead or tup. 


e of the pendulum, the other end having been 
When the pen- 
dulum reaches the lowest position of its swing 
this crosshead strikes a pair of horns or projec- 
tions attached to the base of the machine, stop- 
ping the forward movement of the tup and al- 
lowing the kinetic energy in the pendulum to 
stretch out and rupture the specimen. The en- 
ergy absorbed by the specimen is calculated as 
the difference between the available kinetic en- 
crgy of the swinging pendulum and its attach- 
ments at the instant of impact, and the kinetic 
energy remaining after rupture, as measured by 


the angle it swings past dead center. 
Effect of Volume and Speed 


wo principal factors affect the impact test, 
namely, the volume available for the absorption 
f energy (as determined by the length of section 
it the least diameter), and the velocity of the 
ipphlied force. 

The effect of volume on the total amount 
of energy absorbed is best illustrated by tension 
impact specimens. The specimens shown on 
page 38 were both 0.505 in. diameter: one was 
2.09 in. and the other 5.0 in. between shoulders. 
the volume participating in the absorption of 
chergy in the longer one (represented by the 
length of uniform least diameter) was therefore 
twice that of the shorter. The 2.5-in. specimen 
ibsorbed approximately 1300 ff-lb. of energy and 
was ruptured. The 5-in. specimen absorbed the 
total energy capacity of the machine, about 2100 
{t-lb.. and merely stretched. 

lhese results indicate in a greatly magnified 
form the general results which may be expected 
of notched specimens, where the volume, as de- 
termined by the length of uniform least diam- 


oo? 


er or cross section, is very small, and where 
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Charpy Machine With Pendulum A pproach- 
ing Bottom of Swing Note tension test 
piece screwed into rear of hammer-head., 
The bar or tup at the rear end of the test 
piece will strike the ends of the horns pro- 
jecting from the anvil at the base of the 
machine, and the test piece will be broken 


hy the energy of the swinging pendulum 


» readily 


slight variations in notch dimensions ca 
result in wide variations in volume, as so meas 
ured. This, coupled with the fact that the notch 
location is arbitrarily selected without previous 
knowledge as to the conditions of the material in 
that particular location, must necessarily lead to 
the large inconsistencies. 


When different types ol 


are in use, the velocity at impact must also be 


impact machines 


considered. For instance, the operating impact 


velocity normally encountered in an Izod ma 


chine is 11 ft. per sec.; in a 30-kg-m. Charpy 
machine it is 16 to 18 ft. per sec.; and in a 3500 
kg-m. Charpy machine it is 32 ft. per sec. English 


investigators were among the first to recognize 


= 


the effect of change in impact velocity, but lim 
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ited themselves to unsuccessful attempts to cor- 
relate the results of different machines. German 
investigators have shown that materials possess 
the capacity to absorb a certain amount of energy 
per unit volume, and have shown that this 
amount varies with the change in impact velocity. 
In practically all of these investigations, however, 
notched bars have been used, and it is most diffi- 
cult and laborious to determine the volume a 
matter utterly impracticable for routine testing. 
Furthermore, existing machines are not suited 
for changing the velocity as desired, to any great 
extent. 

Regardless of the type of impact machine 
employed, the essential result of the test is a 
measure of the amount of energy absorbed by 
the specimen in undergoing deformation and 
rupture. It should be obvious that if it is desired 
to draw any comparison between the static and 
dynamic tests, the same essential data must be 
recorded in each case, and to record these data, 
it is necessary that similar specimens be used. 
The type which lends itself most readily to both 
the static and dynamic tests is the tension speci- 
men. This specimen can be made of such form 
that the volume participating in the absorption 
of energy can be easily calculated, and at the 
same time allow for comparisons of the values 
for clongation and reduction of area under both 


conditions of test. 


Energy Absorbed During Testing 


Considering the static and dynamic tests in- 
dependently, we find that in the static tension 
test the energy absorbed, or “work value,” is ob 
tained from a= load-clongation diagram con- 
structed from data recorded during the test. In 
the dynamic test the energy absorbed (the work 
value) is calculated from the difference between 
the initial kinetic energy and that remaining in 
the pendulum after the specimen is ruptured. 
When so computed from the ordinary. stress 
strain diagram, the work value obtained from a 
static test is always considerably less than that 
of the dynamic test on similar specimens of the 
same material. 

Let us consider the cause of this discrepancy. 

In both static and dynamic tests the speci- 
men is subject to external forces, and while the 
condition or state of the specimen is changing, 
work is done against these forces. This work 
consists of two forms — (a) the work of defor- 
mation, and (b) the work which manifests itself 
in the form of heat. In the dynamic test the con- 
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Illustrating the Effect 
of Volume of Speci- 
men on Ilmpact 
Strength. Both test 
pieces were of same 
diameter, but one 
twice as long as the 
other. The shorter 
one absorbed 1300 ft- 
lb. of energy and 





broke; the longer one i] 
absorbed 2100 ft-lb. of i 
energy, & did not break | 


Oe 





siderable degree of heat developed is clearly 
evident to the touch, whereas the static test 
carried out so slowly that the heat is dissipated 
and its presence hardly noticed. 

In the dynamic test only the total value ol! 


energy absorbed is obtained. However, we knoy 


that the specimen is deformed, and that a consid 
erable degree of heat is developed during the tes! 
Therefore the total value of kinetic energy mus! 
have been expended in performing the work o 
deformation and in producing a rise in tempe! 
ature of the specimen. The equation for th 
work may be written as follows: 

sO — dW + dU 


where dQ is the total kinetic energy, )W is Ut! 
work of deformation, and dU is the work equi 
alent of the heat produced. 

When the static test is performed so as 
collect data for the stress-strain curve, the pro 
ress of deformation to rupture consists of a seri 
of steps; the load is applied until the specim: 
has elongated a certain predetermined amou 
at which point the loading is stopped and he! 
until no further movement of elongation is not 
When this so-called balance is attained, the elo 
gation and load values are recorded, and fro 
these data the load-elongation or work diagra 
This is the curve ABCD 


the figure on the opposite page, and is in fact 


may be constructed. 
load-elongation curve, and corresponds to t! 
stress-strain diagram when the data are figur 


to pounds per square inch of original section a 
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clongation in percentage of the gage length. 

In this method of loading, it has been ob 
served that in passing through each increment 
of elongation (which may be referred to as Ae) 
the actual applied load required to produce 
this movement is greater than that recorded 
when the limit of the distance Ae is reached 
and balance is attained. The difference be- 
tween these two load values depends on the 


rate of loading; when the load is very slowly 
appli d there is very little difference between 
them. but as the rate is increased, the differ- 
ence becomes of considerable magnitude, the 


load to produce a given movement Ae being 
much higher than the load at final balance. 


Upper Curve Ils Plotted From Data Figured 
From Reduced Area of Specimen Under Load; 
Cross- 


Figured on Original 


potential 


Lower Curve 


Section. lrea under curve cor- 


responds to impact strength in tension; area 
under lower curve is the work of deformation; 
area between curves is mechanical equivalent 


of heat produced by internal friction in metal 
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It has also been observed that during this movement 


Ae, the temperature of the specimen appears to in 


crease with the rate of loading; when the loading is 


stopped to attain a balance, the load value dé 


creases as the heat is dissipated, until the normal 


temperature of the specimen is reached. 


Iwo Forms of Work Done 
Lhis indicates that two forms of work are done 
small amount Ae, 
and (b 
Phen 


cnerey 


in stretching the specimen a 


namely (a) work of deformation work 


Sun rep 
ol thy 


equivalent of the heat produced. 


resents the mechanical potential 
specimen, which theoretically is a function of th 
clastic strength. By reason of the cold working ef 
fect, the elastic strength (and therefore the mechan 
ical potential energy) is continually increasing to 
the point of rupture. Therefore for each increment 
of elongation, Ae, higher elastic strength values ar 
produced, the summation of which must equal th 
total 
process of deformation to rupture. 

Values of 
tained during the 


BEEF on 


were obtained by applying the 


mechanical potential energy of the entire 


elastic strength can readily be ob 


lest. They are plotted in curve 
Data 


load to pro 


the diagram alongside. for this 
curyvé 
duce definite increments of strain, stopping to allow 
the load and strain to come to rest, then measuring 


the diameter of the reduced section lhe recorded 
oad was increased a proportional amount to the 
sO plotted mav bye 


different 


reduction in area, The curve 
called the “potential curve”; it is of quit 
shape from the conventional load-clongation curvy 
BCD 

Since the values for the load-elongation curve 
IBCD were obtained at 


area under it represents the integrated work of det 


normal temperature, the 


ormation, Likewis« thr area under thr potential 


BEI 


chanical potential energy. 


summation of the me 
| he ilk rene 


areas then represents the work equivalent of 


curve represents the 
between 
thes: 
the heat produced. 

materials in 


treat al, 


Potential curves for a number of 
various conditions, cold worked and heat 
have been drawn accurately, the area measured, 


and found to agree with the energy required to 


break the tension specimen in impact Experi 


ments have also been made to evaluate definitely 


the heat generated during a “static” tension test 


Fine iron and constantan wires were 


welded to thr 
sides ol thr test 
rf length ‘air 


‘ 
fond 


spol 


surface of diametrically opposit 
along 


acte dl 


specimen at) increments 


the entire ga 


specimen then 


as the junction point cf a thermocouple and _ it 
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was readily possible to measure the actual rise 
in temperature during the impact test. The rise 
in temperature, when integrated in terms of ft- 
lb., was found to equal, within allowable experi- 
mental error, the energy value obtained from the 
difference between the load-elongation and the 
potential curves of the static test. It is of inter- 
est to note that the rise in temperature along the 
gage length was found to vary inversely as the 
area of the reduced section, the maximum at the 
point of break being 467° F. 

The table on page 41 shows static and impact 
values obtained from metals of several compo- 
sitions. It will be noted that in most cases the 
values of both static and dynamic tests are equal, 
within allowable experimental error. However, 
a few show difference of sufficient magnitude to 
indicate they must be due to some as yet uncon- 
sidered cause. An explanation of this discrep- 
ancy was discovered from comparative tests of 


stainless 18-8 steel. 


Stainless Steel Is a Special Case 


The curve below shows potential curve 
ABCDE obtained from a rolled bar, 2% in. diam- 
eter, of 18-8 as received, and OCDE after longi- 
tudinal stretching cold to an equivalent of 27% 





and soaking at low temperature to relieve resi 

ual stress. It will be observed that the col 

worked bar carries a load of 100,000 psi. befor: 

sharply yielding; the potential curve from th 

point on (CDE), however, is identical with tl 

upper part of the curve for the material as r 

ceived. Static and dynamic tests, either of th 
as-received or cold worked conditions, showed 
that much less energy was absorbed in the dy) 
namic tests than calculated from the areas und 

the static potential curves, and that the values 
for elongation and reduction of area were lik: 

wise reduced. This indicated that something had 
prevented the material from absorbing in impact 
the maximum amount of energy possible. 

It is believed that the progress of deforma 
tion to rupture is the same in both static and 
dynamic tests, and therefore the elongation of 
the specimen broken in the dynamic tests (both 
as received and cold worked) was laid off as lines 
DG on the abscissa of the potential curves. It 
was then found that the energy represented by 
area ABCDGA was practically exactly equal to 
that absorbed in the dynamic test of the as-ré 
ceived bar. (The same was found for the cold 
worked specimen.) It was therefore concluded 
that the velocity of impact was too high for max 


imum energy absorption. 
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Otal Elongation, Inches 


Potential Curve of 18-8 as Received Starts at A; of Cold-Worked 


18-8 Starts at C. 


D-G represents limits of elongation in tension 


impact. Areas under curves up to D-G check breaking strength in 
impact tension, determined in Charpy machine shown on page 37 
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To further investigate this point a series of 
tests was carried out on 18-8 and on an armor 
plate that gave the same energy values in both 
static and dynamic tests, to determine the effect 
of impact velocity, or time factor. The results 
of these tests are shown on the last curve. 
Velocity was changed by varying the height of 
fall of the pendulum. 
striking velocities than 6 ft. per sec. could not be 


Due to its mass, lower 


btained, and still have sufficient energy avail- 
ble to rupture the specimen. 

These curves indicate that stainless 18-8 is a 

teel which, while it can absorb large amounts 

energy at low velocities, has its energy-absorp- 

ym rate rapidly reduced as the velocity of im- 

ict is increased. The other material tested 

showed no change in energy absorption up to the 

mit of 32 ft. per sec. obtainable from the testing 

machine, and indicates that while it cannot absorb 


Comparison of Static vs. Dynamic Tests 
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inywhere near the maximum amount of the 18-8 
steel, its capacity is not diminished by increasing 


velocities. 
Significance of Impact Test 


These results are considered indicative of 
hat may be expected of materials when tested 
nder conditions of variable impact velocities. 
is believed that these test methods offer a clue 
» the true significance of the impact test, since 
e results obtained are understandable, are in 
rms applicable for use in design, and are 
ipable of closely discriminating between mate- 
us. Impact testing at variable speed should 
unexplored field, and 


pen up a_ heretofore 


entually result in material whose energy ab- 
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18-8 Can Absorb Much More Energy at Low Veloc- 
ity Than It Can at High; Armor Plate, on the Other 
Hand, Is Insensitive to Variations in Testing Speed 


sorption at given velocities can be specified — a 
real step toward the prevention of failures in 
service, and the development of further useful 
properties in various metallic materials. 

The impact at variable speeds, in combina 
tion with the static potential curve, should com 


pletely determine the dynamic and _ static 
properties, from which subsequent behaviour of 
a material under known service conditions can 
be definitely predicted. The static potential 
curve, in addition to yielding maximum energy 
absorption values, offers an extremely simple 


method for pre-determining the increase in 
elastic strength produced by varying percentages 
of cold working, either by rolling, drawing, or 
other cold working process. Also, the true value 
of the breaking stress obtained from this curve 
is intimately associated with the material's 
microstructural characteristics, and thus may be 
used as a measure of heat treatment efliciency. 
Lastly, it is believed that this type of test will 
materially aid in solving many of the problems 
now encountered in the automotive, railroad, and 
other fields where both static and dynamic forces 
are involved. 

Although considerable time is required to 
obtain data from which to plot a_true-stress 
curve, its practical use has been found to be well 
worth the extra time consumed. Likewise, it 
should be possible to construct an impact ma 
striking velocities considerably 


chine having 


higher than either Charpy or Izod (Messrs. 


Greene and Luerssen have shown the way in 


their work on torsional impact.) Correlation of 
these results will do much to interpret anomalies 
associated with the tension test, and which are 
now roughly indicated in variations in the ap 


pearance of the fracture. 
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Editorial 


Notes 


OBSERVE the breakfast 
set made of 


Breakfast Ses 
oe d steel! 


Bridge Prizes a 


things, especially if made 


stainless 
The Editor, being 
lover of beautiful 


of metal, coveted a set of this sort, and inquired 
Only $500.00, thank vou! (No, there 


is no typographical mistake; the decimal point 


the price. 


is In the right place.) 

Now, we protest that price. We are inclined 
to think that it will restrict the sale of thes 
breakfast sets. We believe that such asking 
prices will put an entirely false idea into the 
minds of the millions of ultimate consumers of 
stainless steel utensils; it ranks the raw material 
n competition with silver and gold instead of 
vith copper and aluminum, where it belongs. 

No doubt the artist who has the ability to 
shape these interesting forms should be paid 
andsomely for his creation. But we would like 
to see some fabricating company buy him out, so 
0 speak, and put these pieces into quantity pro- 
duction so that thousands of homes can be graced 

ith beauty now reserved for the sinful rich. It 
hould be good business for some steel manu- 
icturer to press this matter, for breakfast sets 
if S00 consume no tons of stainless steel. 

Anyone who thinks the public will not ap 


reciate and buy beautiful things of metal, when 
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they are priced right, should consider the success 
of Chase Brass Co., which has secured some good 
designs and is executing them by the thousands 
and tens of thousands in copper, brass, and 
chromium plate. Such articles have the advan 
tage of color contrast in red, yellow and white, 
but this is not necessary witness the rapid sale 
last Christmas of articles made of aluminum by 
Wendell August Forge, hand made, remarkably 
finely wrought, vet reasonably priced. Chase and 
August creations stand out amongst competitors 
like Pike’s Peak above the prairies. 

What 


the country really needs is a good dollar bridge 


A final tip to the stainless steel peoplk 


prize! 


remembers the 


EVERYONE 


S prings . oe 
fanfare which introduced ind 


& Shock 
Aiibostherve 


pendent springing for front 
wheels on some makes of auto 
mobiles last year. Less is said 
this vear about the return of the lower priced 
cars (1935 models) to elliptic springs on the front 
ends, leaving coil springs and = independent 
springing to the more opulent buyer who can 
afford it as extra equipment, or drives one of the 
more expensive automobiles. 

In a way the many-leaved flexible springs of 
the elliptic types are a reversion to ideas held in 
the days of carriages and phaetons (horse-drawn, 
we mean). As the automobile deve loped, springs 
at the front end became stiffer and stiffer. Cer 
tain engineering considerations as to sidewis« 
stability, the steering geometry, soft tires, and 
increasing stresses from four-whee | brake Ss might 
be advanced as excuses for stiffer and stiffer 
springs, but probably one prime reason for the 
change was cost. It is considerably cheaper to 
build a spring with five, six, or seven leaves than 
it is with ten, eleven, or twelve. Economy also 
substituted square ends on each leaf, instead of 
the tapering sections indicated by correct design 

Phe net result was a vast increase in stiffness 
in the springs, and an associated development 
of the shock absorber. Probably the shock ab 
sorber would have been demanded anyway, but 
it is strange that it has taken all these vears and 
a costly excursion into coiled springs to discover 
that the passengers in most automobiles are rid 
ing not on springs, but on shock absorbers, and 
that a little extra money spent on a better spring 
would avoid a larger expenditure on shock ab 
sorbers and give a smoother ride. 


Hence we find one of the leading makers 
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putting a very flexible spring of the elliptic type 
on the front end of the car. It contains 11 leaves, 
each 0.175 or 0.155 in. thick, in place of six or 
seven leaves 0.200 or even 0.250 in. thick, which 
was common practice only two years ago. It 
is more flexible — that is, it deflects further after 
a given bump than the older ones, and the max- 
imum stresses in tension and compression at the 
surfaces of the leaves (acting as modified canti- 
lever beams) are in proportion to the deflection 
and inversely as the thickness. Hence such thin, 
flexible leaves must have higher endurance lim- 
its, and for this service the new carbon-molyb- 
denum steel used in Dodge springs is manufac- 
tured and heat treated to an elastic limit of 
200,000 psi. as compared to 120,000 psi. usually 
achieved in the conventional silico-manganese 
spring steel. 

Excellent conditions at the surface are nec- 
essary in all springs in important service. Scale 
pits, decarburized surface, and other defects are 
potential (often actual) germs of fatigue failure. 
Hence the new material is rolled under close 
control to deliver a bar with smooth surface car- 
rying the thinnest possible scale. Obviously 
springs made from them should be hardened in 
atmospheres controlled so that this scale should 
neither be increased nor reduced to a spongy 
layer of carbon-free iron. So we find a battery 
of long furnaces with controlled atmosphere in 
a spring plant — in itself a fact quite unique. 

Long, deliberate heatings are of great value 
in another way — namely, fitting. Leaves come 
from the cambering machine true to shape, not 
warped. They therefore fit against one an- 
other smoothly, and transmit pressure from leaf 
to leaf rather more uniformly than other bars 
somewhat marred by scale pits. One difliculty 
with the old stiff springs was that the pressure 
between spring leaves varied greatly, and metal- 
to-metal contact could not long be avoided; hence 
the ever-present spring squeaks. 

It is beyond the scope of this editorial note 
to discuss the vibrational period and dampening 
of the new spring designs. Suffice it to say that 
one virtue of independent springing on 1934 cars 
was to slow down the period of oscillation of the 
stiff front springs. Vibration rates decrease with 
the flexibility (to be accurate, the time of oscil- 
lation is proportional to the square root of the 
static deflection under a given load). Hence 
flexible springs are a move in the right direction 
toward slower rate and more comfort. 

furthermore, it may be mentioned that a 
shock absorber should be primarily a device for 
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dampening these vibrations quickly. Dampeners 
act by converting the work absorbed by t 
spring into frictional heat. A multi-leaved spring 
well fitted, is able to absorb much more of this 
work in interleaf friction than a stiff spring with 
fewer leaves. Hence it contains in itself a better 
mechanism for dampening the vibrations afte: 
hitting a bump, and thus takes a fair proportion 
of this work off the “shock absorbers.” 


THE Pittsburgh, Chicago, Cleve- 


Serving eee 
land, and Detroit Chapters of the 


> 
Diverse —_— 
American Society for Metals have 


Interests reached that size, in point of 
numbers, which the trustees of 
the national society anticipated several years ago 

namely, where one line of activity is not sufli- 
cient to cover the interests of the entire member 
ship. The case of the national society was taken 
care of by adding to the fundamental Transa 
rions and the practitioner's NatTionaL METALs 
HaNnpBook a new puMlication, Merat Progress 
for the man in production interested in metals 
vet not too well versed in metallurgical science 

To meet this same problem, Detroit Chap 
ter’s executive committee, over a year ago, dé 
cided to hold simultaneous meetings. On regula 
meeting night the group divides after supper; 
usually one speaker will consider some problem 
about iron and steel; the other talks about a 
non-ferrous metal or application. In Pittsburg! 
an even larger subdivision has taken place, r 
quiring more frequent meetings, one of whic! 
will be advertised as of the highly technical type, 
another frankly is organized to be interesting to 
the steel worker, and still another is of general 
interest (the regular monthly meeting of th 
Chapter). 

Cleveland Chapter proposes to handle th 
situation in another way. Its usual program 
consists of regular monthly meetings, which ar 
intended to consider current metallurgical p! 
lems of most interest (either ferrous or non 
rous, practical or theoretical) and a pair of 
ture courses, one in the fall, one in the spring, 
on subjects receiving the most votes from |! 
members. In addition to this, it is now intenced 
to organize more informal discussions on spe 
problems, known to be interesting to relati 
few members, but nevertheless extremely im 
tant from their point of view. Each of these ma) 
consist of only one or two meetings, where n 
smoking than orating will occur, under a cl! 


man who will keep the discussion in the inten: c¢ 
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ehannels —a conference or colloquium, as our 
English cousins would have it. 

In Pittsburgh the technico-scientific meetings 
on the regular schedule are held in conjunction 
with the “Science of Metals Club,” an informal 
well, high 


croup of high-powered scientists 


powered enough to take an integral sign or leave 
t. (There seems to be a goodly number of these 
men now concentrated in the Pittsburgh region.) 
It is related that at their very first meeting, a man 
ttempted to give them a lecture on some subject 
was not thoroughly familiar with, and it was 
The 


meeting was so enjoyed by all, including the 


ke throwing a bone to hungry wolves. 


speaker. a man of humor, that ever since it has 


| 
n the practice to interrupt with pertinent 
suestions at any time, rather than saving discus- 
sion to the end, when it is usually found to have 
quietly expired meanwhile. 
It is this vivacious plan that is in prospect 
for the Cleveland conferences. It is a plan that 


in be applied to many dull technical sessions. 


ON FEB. 8 was held the 


Cooperative 
eighth meeting of the Metal- 


Studies ‘Are 
Completed 


lurgical Advisory Board to 


Carnegie Institute of Tech- 

nology. These meetings have 
become one of the important technical events of 
the vear; in this one there was an undercurrent 
of regret, since the study of the physical chem- 
istry of steel making, started in 1926 as a five-year 
program, has been completed and the staff dis- 
banded. 

Notable changes have taken place in the 
steel industry in the intervening years. Possibly 
the greatest of these was described recently by a 
prominent steel maker as a “new willingness to 
study and understand technical problems; a new 
resolve to cooperate throughout the many phases 

{ production, processing, fabricating, and serv- 
e; a new search for the cause of each effect.” 

lt is no faint praise to say that the organiza- 
on, financing, and prosecution of these studies 
directed by Charles H. Herty, Jr.) into the phys- 
slag 


al chemistry of steel making — that is, 


ontrol and deoxidation practice — is one most 
ingible evidence that the steel master’s remarks 
ere not merely so many words, lip service to an 
; 

leal. 


rhose who are interested may refer to a 
itical review of these studies in an editorial in 


iLETAL ProGress for December, 1932. 
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PFHOSE who like to invent 
comparisons which are sup- 


Fi ve Billions 


im (Ceppers posed to enable one to com 
prehend the infinitely large 
or the infinitely small (like the age of the earth 
or the size of an atom) have been busy on the 
34,880,000,000 asked by the President to relieve 
suffering by them 


unemployed and to make 


again consumers — that is, to improve business. 

Some have figured how long a line of dol 
lar bills it would amount to, and it reaches from 
Others 


have figured that it equals about 


here to there, probably believers in 
hard money 
200 billion 


1,550,000 tons of copper at the rate of 150 pennies 


pennies, and this would require 


per lb., and a 95° copper alloy (get out the old 
slide rule and check it up, only be sure of the 
decimal point!), and this would absorb the entire 
production of American copper mines for two 
vears, straining to capacity. 

Such a simile probably does not mean much 
to anyone who has not traveled extensively in 
the West and therefore has no idea of the pre 
ponderating importance of copper to all the in 
tocky Mountain States. It’s a 


it's a lot of money 


habitants of the 
lot of copper 
But others, more stout hearted, can also 
figure that it’s a matter of $35 for each of the 
141,574,000 men, women, and children the Census 
have. On that 


doesn’t look so alarming, for we 


Bureau says we now basis it 
doubtless can 
stand it. As a matter of fact $35 is litthe more 
than each citizen is contributing, in general taxes, 
penny by penny, which goes to various city and 
county governments, most of which ought to be 
starved out of existence. 

At least when the $4,880,000,000 is spent, we'll 


eliminations. some 


have some grade crossing 
roads, some forests, some slum clearance, some 
power plants to show for it. Undoubtedly, also, 
several million unfortunate citizens will have a 
better outlook on life, and probably the number 


will include some pessimistic business men. 


Percenal ALL 


Note ° 


cently had gratifying promotions. Edgar C. Bain 
Vice-President, U. S. 


Steel Corporation, in charge of metallurgy and 


ASMembers will join in 
congratulating two of the So 
who have re- 


cit ty ’s trustees 


has become Assistant to 


research. Walter Mathesius has been made Gen 
eral Superintendent of the huge South Chicago 
plant of Illinois Steel Co. 


Become a trustee and go up in the world! 
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Some o f the 


Alloys That 


Age Harden 


By PAUL D. MERICA 
Assistant to the President 
International Nickel Co. 

New York City 


RB AN ARTICLE PUBLISHED IN) METAL 
PROGRESS in January, some of the generalities 
concerning age hardening were discussed. — In 
this one I propose to introduce some of the inter- 
esting individual members of this family of 
alloys. Although preserving a family resemblance 
to each other, they do also display some curious 


and often useful differences in behavior. 


Duralumin 
With traditional respect one is almost 
obligated to admit duralumin first from the wait- 


ing line, although my comment will be _ brief, 
since this alloy has had a good deal of public 
recognition and we all know a great deal about 
it already. 

Duralumin, together with other allovs of 
the same type, has been responsible for very con- 
structive developments in the aircraft, the rail- 


way car and the motor-truck industry where 


light structures are economical and may even be 
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required. Just recently several high speed tra 
of new design have been built with it. In si 
structures it has been demonstrated that it js 


possible by its use to reduce weight 25 to 5 
under that of steel construction, with obvious 
attendant savings in power consumption. 

The use of duralumin in dirigible and a 
craft construction is well known. Less knoy 
but equally important, is its use for light-wei; 
floor systems in long bridges, or bridges wh 
are hardly able to carry increasing traflic. 

The use of these light, hardenable alloys h 
up to this time, probably greatly exceeded in t 
nage that of all other such alloys combined. 
consequence, more accurate information is ava 
able concerning them than about the others 
Duralumin therefore serves us as a guide, bot! 
from the metallurgical and engineering stand : 
point, in developing other age hardening alloys 

Although its characteristics are conventional 
enough, it is far from being one of the simplest 
of the age hardening alloys, and in fact the orig 


inal duralumin of Wilm has proven to be twins 








Metallurgists have taken it apart and found two 
perfectly good alloys in it, each of which develops 
about the same mechanical properties as_ the 
original duralumin, but which have very useful 
differences now being exploited. Duralumin 
contains about 4% of copper in addition to small 
percentages of magnesium and silicon probably 
Mg Si. Both 


constituents are quite capable alone of conferring 


combined as magnesium silicide, 


hardening power upon aluminum, and are today 
separately used. In fact, the specialization of 
duralumin has proceeded even further, and a 
whole series of alloys, both for castings and for 
forgings and sheet, has been developed and is in 
commercial use, based on one or the other of 
these two active hardening “components” o! 
duralumin. Each of the special alloys has certa 
special advantages — usually from the stan 
point of fabrication. 

One of the many interesting features of | 
age hardening of duralumin at ordinary tempe! 
tures is that it occurs with less impairment 
ductility than is usual among such alloys. 


fact, the elongation and reduction of area as 





determined in the tensile test are hardly affect 
during an aging treatment which increases 
hardness very substantially. This is most 
usual behavior and indeed unique, as far a 
know, among age hardening alloys. Besides b 
of very real practical value, this behavior 
important theoretical implications and suggt 
that the internal distortion in the duralu 
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ttice which is responsible for hardening must 
of a milder and less harsh character than that 
duced in other alloys. 

Another interesting point is that the age 
idening of the 5% copper-aluminum alloy, one 
the duralumin twins, may be most profoundly 
fected by the presence of small amounts of 
ther metals. When the alloy is quite pure and 
ee from iron, it hardens quite appreciably at 
om temperatures. When even small amounts 


iron are present, less than 1.00%, room tem 


rature hardening is inhibited almost com 
letelv. If, now, Ye‘c or less of magnesium is 


idded to the iron-bearing alloy, room tempera 
re age hardening is restored. 
We are confronted here with “accelerators” 
id “retardants” of aging — and numerous other 
ises have been established of similar behavior. 
Now in this case (and in many others) this 
ccelerating or retarding effect of addition metals 
s not due to any effect of these elements upon 
iwents. The explanation indeed is not finally 
known, but it must lie deeper. In some cases il 
mav be due to surface reactions of the dispersed 
particles, as Seljesater has suggested, but in the 
ise of duralumin it is probably due to the effect 
of the added elements in influencing the course 
of atomic diffusion, and thus determining the size 
and distribution of the disperse particles which 
cause the hardening. 
here are many other equally intriguing and 
bizarre features of the age hardening process in 
duralumin — characteristics which, as we under 
stand them better, will undoubtedly reveal to us 


more and more of its inner mechanism. I must. 


however, reluctantly close my comment on this 
classic alloy and pass on to some others which, 
ilthough newer, may ultimately prove equally 


valuable and interesting. 
Hardenable Gold Alloys 


Very few of us occupy ourselves much with 
the alloys of gold and of the platinum metals 
nor indeed ever get much opportunity to lay our 

inds on any of their components! Yet there 
is been developed in recent years a pretty de 
tailed technology of these alloys, both in th 


field. 


nough. age hardening was probably known and 


ewelry and in the dental Strangely 
practiced by the dentists, even before the dis 
overy of duralumin in 1911. In those days ws 
id an astonishing ability to keep our metal 
irgical information in separate and closed com 


irtments! 
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Those of vou who are unfortunate enough to 


own some of the finer examples of the dentist's 


gree that he asks a great deal of his 


art, will a 
materials. They must be capable of fabrication 
into delicate structures of bridges and dentures: 


thev must be resistant to tarnish and corrosion: 


and parts of them at least must have quit 
superior mechanical properties in particular, 
high elastic limits. It is not surprising that in 


vestigators, happening upon the phenomenon of 
age hardening in dental allovs, early turned it to 
good account and have developed it into a prin 
cipal asset of their art. 

The properties which are obtained in som 
of the modern dental golds are quite surprising, 
and are rendered possible by the addition of 
from 10 to 15 


teen to 16-karat golds of this description will give 


> 


of platinum or palladium, Four 


tensile strengths as high as 150,000 psi., together 
with elongations on wire of 10%, and propor 


tional limits between 80,000 and 100,000 psi. On 
is hardly prepared for properties of this chat 
built on the 


sold and silver! 


acter, comparatively soft) metals 


The mechanism of hardening in these alloys 


is verv far from cleat It is sure, however, that 




















lging at Room Tem- 
Ji/loys brace nkel 

copper alloy, and 
copper alloy 


] fler 
l/uminum-C opper 


Curves for Hardness 
perature of 
lron “restricts” hardening of 5 


magnesium “extends” hardening of 4 


it is not of the simple “duralumin”™ type, in spite 
of the fact that the effects of heat treatment are 
similar Hardening evidently depends upon the 
formation of the compounds Au-Cu, Pd-Cu, o1 
Pt-Cu, 


able, but which are 


whose molecular formulas may be debat 
stabl it low te mper itu 
and unstable at higher ones 


Phe allov containing 50 atom) vrcen old 














and copper, for example, exists at tempera- 
tures above 750° F. as a face-centered cubic 
lattice with the gold and the copper atoms 


a random manner on the points of 
In this condition the alloy is soft, and 


arranged 
the lattice. 
it may be preserved at ordinary temperatures in 
this condition by quenching from above 750° F. 
Upon slow cooling through that transformation 
the lattice changes to a 
and the 


temperature, however, 


tetragonal one (also face-centered) 
atoms station themselves symmetrically to form 
a compound Au-Cu. This compound is also soft. 


jut when the transformation at 750° F. is sup- 
pressed by quenching and the alloy is allowed to 
undergo partial transformation by tempering at 
a lower temperature — say 400° F.— the hard- 
ness is increased very considerably. 

The compounds Pd-Cu and Pt-Cu_ behave 
quite similarly. 

When the four or five 
and 


metals — gold, silver, 


copper, platinum, palladium —are all 


present in an alloy, the hardening mechanism is 
much more complex, and is not yet well under- 


stood, but there is sufficient evidence to indicate 
that it is related to the formation of one or more 
of these compounds during tempering, probably 
fact, 


aging-temperature 


in distorted lattice form. As a matter of 
Wise has that the 
curves of the gold-silver-copper-palladium alloys 


shown 
exhibit two distinct maxima of hardness; one at 
about 575° F. and one at about 850° F., the former 
being due probably to the precipitation of Au-Cu 
and the latter to that of Pd-Cu. First the one 
compound forms, giving rise to moderate hard- 
ness, and at high temperatures the other, increas- 
ing the hardness still further. Seldom do we find 
two hardening constituents cooperating in this 
manner in the same alloy. 


Aluminum-Copper-Nickel Alloys 


The alloys of aluminum, copper, and nickel 


form an interesting series of age hardening 


Copper dissolves about 10% of aluminum 
solution, nickel 
neither of these alloys is age harden- 
able, fact that there is little 
change of solubility of aluminum with tempera- 


alloys. 


in solid and about 15% of 
aluminum; 
however, due to the 


ture in either metal. The copper-nickel alloys 
also are not themselves hardenable 


aluminum in the 


upon aging. 
However, the solubility of 
copper-nickel alloys at ordinary temperatures is 
reduced to values ranging from 0.5% to 3%, and 
its solubility-temperature curve is so altered as 
to permit age hardening. The useful range of 
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nick 


and the actu 


alloys contains from 10 to 80° of 
and from 0.5 to 5% of aluminum, 
hardening constituent is probably a solid solutic 
of Cu,Al and Ni-Al. 
These as Dr. 
play heat treating characteristics which are a |} 
unconventional, and it is partly for this reas 
Apparently they « 


these 


alloys, Mudge has shown, di 


that | am mentioning them. 


not over-age as do the more orthodox alloy 

Thus, an alloy containing about 68% nickel, 28 
. > 

copper, and 4% aluminum is soft after annea 


ing and quenching from 1500° F., and is har 
ened by a stay at 1100° F., the optimum temp: 


ing temperature. If tempered above _ that 
temperature, the alloy indeed softens, b 


because the hardening constituent goes back into 
and not because the particles coalesce 
There is ap- 


solution, 


(“over-aging” in the usual sense). 


parently no temperature at which the hardening 


precipitate is itself stable and insoluble, and 























Curves Showing the Effect of Aging Tempe? 
ture on Gold-Silver-Copper Alloys Containi) 
Various Atomic Per Cent of Palladium, Accor 
ing to Wise. Maximum hardness when aged 
300° C. (375° F.) for the palladium-free all: 
and at 450° C. (850° F.) for the 25% palladiu 
alloy indicates two distinct agencies at we 
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Vonel Metal (Copper-Nickel Alloy) With Alum- 
inum Cannot Be “Over-Aged” (After Mudge 
Lower curve shows conditions after quenching 
from 1650 F., 


emperature, and cooling quickly. 


tempering one hour at indicated 
l/pper curve 
is for same samples after additional tempering 


high temperature aging) for 12 hr. at 1100° F. 


at which it will coalesce into unduly coars¢ 


particles and thereby soften the alloy. 

In consequence, these alloys may be hard 
ened very satisfactorily by slow cooling from the 
treatment. Indeed, the 


innealing or “solution” 


best properties of these alloys are actually 
secured by fairly slow cooling from about 
500° F.. followed by tempering at 1100° F. In 


this condition there may readily be obtained a 


combination of properties such as the following 


Proportional limit over 100,000 psi 
rensile strength over 150,000 psi 
Elongation over 15 
Reduction of area over 30 


he S( 


ible in good grades of alloy steels. 


figures remind one of the values obtain 
Attention 
called to the excellent ductility, asso 


nay be 
ited with high tensile strength and proportional 
mit. The aluminum-copper-nickel alloys sharé 
th duralumin the distinction of hardening with 
it undue loss of ductility; they are not, however, 
ily equal to duralumin in this respect. 
\ material of this type has certain obvious 
intages. It can be softened and hardened by 
conventional heat treatments if so desired, 
if, on the other hand, drastic heat treatment! 
or any reason undesirable, its enhanced prop- 
es can be secured through simple slow cool- 


lt is thus more flexible in its adaptation to 


rication than the simpler type of age harden 
illoy, which requires drastic cooling or 


nching. It is not difficult, for example, in con- 
ence of the sluggish nature of the hardening 
lion, to secure excellent physical properties 


eavy sections, and some of the current uses 
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of one composition of this series involve the 
exploitation of this useful characteristic. 
Although the commercial development of thi 


aluminum-copper-nickel alloys has been ham 


pered somewhat by difliculty in hot working 
them within certain temperature ranges, this 


situation has been lately improved Some of 
these alloys have been and are currently used for 
certain applications requiring a high degree of 
resistance h hardness of! 


corrosion plus hig 


Fen) 


strength. 


Age Hardening Copper Alloys 


Che metal copper is a natural target for any 
and all new metallurgical tricks, and it is not 
therefore surprising that it should have been sub 
ject to pretty heavy attack on the part of age 
hardening inventors. The results have been in 
teresting and useful. 

Perhaps the most striking one has been the 
pretty widely advertised beryllium bronze, con 
taining about 2.5°. of bervilium. This material, 
which is readily rolled either when hot or cold, 
is fairly soft and ductile when annealed, with a 


tensile strength of 55,000 psi. and an elongation 


of 55 When quenched and aged it is very 


substantially hardened and strengthened and 


can boast of tensile strengths over 150,000 psi 
together with most respectable elastic limits 


When cold worked and aged, 
Ductility afte: 


over SO.OQO0 psi. 
the properties are still higher. 

such treatments, as evidenced by an elongation 
of about 1.5 


entirely 


is unfortunately low, but it is 


adequate for many purposes, and in 

particular for that for which the material is prin 

cipally used 
One of the 


illov is that, unlike 


namely, for springs 
most interesting features of this 


many ace 


=~ 


hardening alloys, 


it appears to have its tatigue properties en 


hanced, Unfortunately. those heat treatments 


that increase substantially the tensile strengths 


of duralumin and several other age hardening 


alloys often raise their endurance limits’ but 


modestly. It is one of the few disappointing 
features of such alloys, and is a disability which, 
as far as I know, has not vet been gen rally ovel 
come. But for some reason, still wholly obscure, 


beryllium bronze shines very brightly in this 


respect, and Dr. limits in 
the ne ighborhood of 100.000 psi 


heat treated material 


Gillett reports fatigue 
for the properly 


It is for this reason, of course, that it has 
been greeted so enthusiastically by spring makers 
and users, and it is to be hoped also that its 
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Diagrams for 780° C. and 700° C., Show- 
ing How the Extent of Alpha Phase 
Copper-Tin-Nickel 

Restricted With But a Little 

Fall in Temperature, One 
of the Conditions for a 


Hardenable Alloy 















Alloys Is 








ry / or 
at F700. 











ee ee ee’ ee ee 
Isotherm at 780C. 
V. va \ \ Y 
ary 15 M | * zx = ~ I 41k. Z ” F: 30 


Weight Per Cent Nicke 
unique behavior in fatigue may ultimately serve 
to show us how to correct the corresponding fault 
in other hardenable alloys. 

Incidentally, beryllium seems to hold the 
hardening 


championship precipitation 


It works not only in copper but in nickel, 


among 
agents. 
in iron, and in austenitic steels as well and does 
a really good job of it in all. The metal is per- 
haps a bit expensive, but if you need an efficient 
hardener for your particular alloy problem, don’t 
overlook beryllium! 

There are, however, other useful and effec- 


tive copper hardeners. One of them is being 


iSS 


used currently in a product of one of the bi 
mills called “Tempaloy.” The hardener is a com- 
pound, nickel silicide, and the alloy contains 
about 4% nickel and about 1% of silicon. 
variety of hardenable copper is readily worked 
hot and and in 
neighborhood of 120,000 psi., together with quit 


This 


thre 


cold, develops strengths 


good values of yield point, but with somewhat! 
6 12% for ek 


- 


low values of ductility and 


gation and reduction of area respectively. 

Other hardeners such as aluminum, nickel, 
nickel-tin, and chromium-silicon will also harden 
One of these leads me, 
to on 


copper very effectively. 


indeed, directly ry 





|  Diagrem for 
Copper-Jin Alloys 
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next topic. 
Diagrem for 


Nickel Bronzes 
l IQUIO! 
It occurs to me that in 
hitherto 


reviewing some 





of the useful age harden- 
able alloys, I have placed 
upon 


undue emphasis 


wrought alloys 
though I did 


} that aluminum alloys as 





point 


oe well as those of the pr 
T#O ° 
cious metals may be and 


are temper hardened 


the cast state. May I tl 


in order to correct S 











vy my hyo bn fo 4 im 


Structural Diagram for Copper-Tin System and for Copper- 
Note the great change which a 
little nickel produces in the boundary of the alpha phase 


Tin Alloy With 2% Nickel. 
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impression, call y-« 
attention to 
alloys which may prov 


chiefly in |v 


a series 


be useful 


(Cont. on page 74 
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Heat 
Treatment 


of Spring Leaves 


By W. C. OWEN 
Factory Manager 
Detroit Steel Products Co. 


I OR 31 years Detroit Steel Products Co. has 
manufactured leaf springs for standard equip- 
ment on automobiles, trucks, cabs, buses and 


trailers. This firm also makes “Fenestra” stee! 
sash and doors for the building industry. In 


1929 it was decided to segregate these two dis- 
similar lines, and accordingly a separate plant 
the manufacture of springs was built. 


The Original Equipment 


In the new spring plant, the machinery was 

inged for straight-line production, beginning 
the raw material, through all preliminary 
itions, then to heat treating furnaces, and 

ily to the assembly conveyors. 

Fuel oil was used throughout, for heating 
and centers of spring leaves (for tapering, 
ng of eyes and embossing), and for harden- 


+ 


forming and annealing the leaves prior to 
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assembly. The hardening furnaces, moved from 


the old factory, were then 10 years old. Furnace 
floors were slotted for conveyors, which were of 
the walking beam type. 

A very large quantity of spring steel has been 
handled with this original equipment. Prac 
tically all of it has been silico-manganes« steel, 
S.A.E. 9250 or 9260. 

Due to the fact that the leaves were heated 
from the top surface only, the old furnaces being 
over-fired, the speed at which the work could be 


Another ob 


jection, from the modern viewpoint, was that th 


put through was seriously reduced. 


fuel oil control system was slow to respond to 
temperature changes, causing as much as 40° F 
variations in temperature from the control point 
And while the silico-manganese steel is relatively 
insensitive to this condition (a wide quenching 
range being one of its prime advantages), such 
large swings were suspicious, and were certain, 
eventually, to lead to trouble, as inspection be 
came more stringent. A final objection was the 
fact that these furnaces did not lend themselves 


to atmospheric control. 
The New Hardening Furnaces 


It became apparent, when we were asked to 


build under furnace conditions that 


would add absolutely nothing to the original mill 


springs 


scale, that entirely new furnace equipment for 
hardening and drawing would have to be in 
stalled. 
ment, built by the Surface Combustion Corp., 


This has now been done; the new equip 


represents a fine achievement and warrants a 
rather full description. 

In the design of the new furnaces, several 
fundamentals had to be kept foremost in mind 
The capacity must be large, even though the 
customer might specify an unusually long “soak” 
for the springs at the hardening temperature 
This requirement means a long furnace, and a 
fool-proof conveying mechanism which can be 
speeded up or slowed down through a_ wide 
range. The walking beam type of conveyor had 
proven itself, and it had the added advantage 
that it could be driven from one end, and would 
require no openings in the sidewalls, discharg 
end wall or bottom. (Speed variations are had 
through an 8 to 1 range, by adjustments which 
change the forward stroke between 6-in. and 
12-in. limits, and a time clock which varies the 
intervals between strokes as much as 4 to 1.) 

Since the furnace was to have atmospheri 


control, it meant that the products of fuel com 
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Cross Section of 


bustion, required to generate the heat, must be 
entirely separated from the work in the furnace. 
The furnace was too big to think of an interior 
muffle or tube 46 ft. long by 6% ft. wide by 114 ft. 
high inside, to enclose the work. But, as an alter- 
native, the products of flame combustion could 
be carried in a number of tubes, bent like hair- 
pins, placed above and below the hearth. 

For quick and efficient heating, the work 
heated both from and from 
that meant that the conveyor hearth 


should be above 
below 
must be skeletonized. 

Next the furnace 
sulated against radiation, but especially proof 
against leakage of the 
which not only would be wasteful but actually 


should be tight, well in- 


prepared atmosphere, 
dangerous, as it contains a large proportion of 
toxic gases. 

Lastly the temperature must be controlled 
precisely, and its distribution must be uniform 
within 5° F. (plus or minus) through the soak- 
ing zone. Many of the details can be seen in the 
mechanical drawing and from the photograph of 
the furnace in operation (page 54). 


Radiant Tube Heaters 


In actual construction, perhaps the most in- 
teresting feature of the hardening furnaces is the 
“radiant tube” like 
These are 3 in. inside diameter, with 14 in. wall 


heaters, shaped hairpins. 


thickness, and are made of cast chromium-nickel- 
iron; they are joined at the inner end by a return 
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Hardening Furnace 


bend of the same alloy. In all, 56 heaters 
used in the 38-ft. furnace (and 59 in a 46-ft 


nace) 





some placed above the work, carried « 


7 ’ 


‘ 


hangers, and some are below the work, supported 


by pedestals between conveyor piers. In 
heating zone of the 38-ft. furnace, 28 heaters 
located above the work and 16 below. 


are below the hearth in the soaking zone. 


' 
i 


} 
lw 


Most of these hairpin tubes extend near!) 


the opposite wall; but near the entrance, in o! 
to develop the maximum amount of heat w 


aet 


e] 
itl 


the cold charge enters, shorter “hairpins” ext 


from one wall half across the furna 


meet others which extend from the opposit 
At the open end of each of these U-tubes 


way 


side the furnace, a gas burner is centered 
lazy flame extends down the axis of the 
gradually combining with the air drawn 
aspirated around the burner through the 
end of the tube. This is true diffusion co! 
tion of streams of gas and air, moving in pa! 
non-turbulent flow. (The principles have 
thoroughly explained W. M. Hepbu 
Mera ProGress for September, 1952.) 5 
flame can be drawn out to great lengths, ai 


turbulence introduced at the U-bend is the! 


by 


of advantage in mixing the unburned gase: 
the remaining air, so combustion will b« 
pleted before the outlet is reached. 

At the of 
chimney. its 
radiant tube, this chimney 
throat. At 


exit end each tube is a 


Just above connection wit 


is narrowed 


venturi its bottom is a small 
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air at 1 Ib. 
the 


pre ssed 


tor for burned gases, and gives 


the 
the 


ssary 


nto entrance end of the radiant 


und gas flame. 


idvy means of controlling the distribution of gas 


m the header into each of the 


iters, 


en the furnace is originally started. 


Obviously the important point in the utiliza- 
of the radiant tube heater is in establishing 
temperature distribution throughout the length 


the tube which will give uniform heat 


thin the furnace, and which will permit 


outlet temperature of the gases. In 
nection with the turbulence which the 
bend of the heater tubes creates, the 


for Surface Combustion Corp. 


ve found 


iIneers 


that on some long, straight 


es, devices for setting up a certain 
ount of turbulence are purposely incor- 
ited at some point midway. 
lemperature distribution of U-shaped 
es has been very carefully determined 
the laboratory, under various conditions 
peration. In our furnaces these figures 


ibout as follows, for a flame which 


duces temperatures of 1600° F. just in- 
the 
O° F.; 24 in. inside 1690 
0° F.; 36 in. 
1690° F.; 54 in. 
de, 1590° F. 


sidewall: 12 in. inside, 
F.; 30 in. inside, 
F.; 42 in. in- 
F.; 68 in. 
small 


furnace 


inside, 1700 
inside, 1640 
indeed 


These are 
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This device acts as an 
‘ntle suction for drawing combustion 
The chimney is also a 


individual 


(hese adjustments are only necessary 


levers 


variations for a fuel-fired source of energy; and 
when it is remembered that these represent tem 
peratures of a radiator about 14 in. from the work, 
the uniformity of heat distribution at the level 
of the 


worked 


work IS explainabl lo on who has 


furnaces, 


the 


for many vears with oil-fired 


the temperature uniformity at the hearth of 


new furnaces is indeed a revelation 

Diffusion combustion, plus the educator, also 
permits us to burn far more gas in a 3-in. tube 
than could be burned by the conventional nozzle 
mixing burners delivering air and gas unde! 
lor example, the conventional equip 


ISO cu.ft. of 


pressure 


ment can burn around city 


vas pe I 


hr. in a tube 3 in. diameter Any attempt to go 


above this amount begins to register an excessive 
why re so 


resistance, and finally reaches a point 


much backfiring occurs as to be practically in 


operative. With our arrangement we are run 
ning with ease around 400 cu.ft. of city gas in the 
same sized tube As these tubes radiate at a 


tremendously high rate, one can readily see the 
advantage of being able to put in a supply of 
heat which permits the tube to be maintained for 


long periods at the high radiating temperatures 


Such high rate of heat productions, without 
sacrificing any uniformity, is very important 
from the standpoint of a furnace with high 


capacity of output, for obviously the cold metal 
constantly entering must encounter a reservol 
of heat sufficient to bring it up to correct tem 
perature in short order. 

In operation, the spring leaves are at harden 


ing temperature by the time they have progressed 


Dies of “DSP” Forming Machine About to Close 
on Hot Spring Leaf. A 


series of cam operated 


the bar against camber block 


clamp 


and the drum rotates, quenching the bar in oil 

















approximately one-third the length of the fur- 


nace. Two-thirds, therefore, are soaking — now 
thought by many metallurgists to be a prime ad- 


vantage. Temperature is controlled at three 


zones — at the charging end, in the intermediate 
soaking zone, and in the final soaking zone. An 
average thermocouple record of the first point 
shows slow fluctuations of about 25° F. (plus or 
minus) of the control point. The other zones 
are easily held to 5° F. plus or minus. Some 
specifications call for a soak of as much as 25 
min. at heat before quenching — this again is a 
reason for a long furnace of great capacity. 

In production, the spring leaves arrive at the 
charging table at the entrance end of the hard- 
ening furnace, cut to length, punched and with 
eves of main leaves curled. As the leaves are 
fed into the furnace on the walking beam con- 
veyvor, they are laid flat, side by side, in correct 
order for assembly, so that all the leaves of a 
complete spring travel through together and in 
the proper rotation, Observe, from the cross- 
section on page 53, that the walking beam con- 
veyors at the left side are only 8 in. center to 
center, to carry the shortest leaves. 

The automotive industry now demands 
spring leaves with little or no addition to the 
scale attached to the bars as received from the 


steel mill. This means the leaves must be hard- 











ened in a truly neutral atmosphere. It app. ars 


that this atmosphere is about the same for al! the 
50-point carbon spring steels at 1500° to 1600 F 
the usual hardening temperatures, and should 
contain a high percentage of carbon monoxid 


and no free oxygen. 
Neutral Atmosphere for Hardenin, 


This atmosphere is quite easily formed 
so-called “DX Gas Generator” of Surface Com 
bustion manufacture, which mixes city gas with 
a limited supply of air (about 60% of the quantity 
of air required for combustion), washes the 
mixture, dehydrates it and cools it, so that the 
gas, when prepared for distribution to the point 
of use in the hardening furnace, is oxygen-free, 
water-free, uniform and clean. These units, 
which are similar to the one illustrated in Mera 
ProGress, October issue, page 100, are quite com 
pact and practically automatic. 

To prevent the loss of our prepared gas at 
entrance and exit doors of furnace, some inter- 
esting air or gas “screens” have been installed at 
these points. 

The furnace entrance door is a slot, furnace 
width and 6 in. high (maximum). 
portal extends out about 18 in.; across it, just 


A sheet steel 


under its ceiling, is a gas pipe perforated with a 


Side Elevation of One of the Hardening Furnaces, Taken From the Charging End. 


Note row of burners, both above and below walking beam conveyor hearth. 
tube, and products of combustion vent through short stack at outlet 


fires into U 
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Each 
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line of small holes. This pipe is connected 
ie main gas supply, and a lazy flame burns 
ward, completely filling the portal, and 
tually burning any of the toxic gases which 
reach this point. A hinged apron can be 
red to narrow the entrance slot to the mini- 

leaving the opening just high enough to 
the incoming work, 
\t the exit or discharge door cut in the 
wall, approximately 7x9 in.—a series of 
les blows a blanket of low pressure air 
tly across the opening, catching any escaping 
and carrying it into a small hood and thence 


f the building. 
The “DSP” Forming Machine 


From the hardening furnace the hot leaves 

ss to a “DSP” forming machine, so called be- 

se this fixture was designed and built in the 
shops of Detroit Steel Products Co. Essentially it 
sists of an octagonal drum with eight sets of 
forming dies, one set to each face. The drum is 
partially submerged in quenching oil, its three 
ipper faces are exposed, and its five lower faces 
al 


placed between the dies, the machine is tripped, 


nost entirely immersed. After a hot plate is 


and while the drum is revolving 45° the dies are 


automatically closed by cam-operated levers, 





forming the plate to correct curvature before it is 
plunged into the quenching oil. This machine is 


shown on page 53. 
The New Draw Furnaces 


As the spring leaves emerge from th 
quenching oil (by an elevating conveyor) they 
are grouped in sets, in correct order of assembly, 
and are placed edgewise on the conveyor which 
forms the bottom of the draw furnace. This con 
veyor is of a novel design, consisting of 12 endless 
chains, set side by side, and traveling ove! 
sprocket wheels at either end of the furnac: 
Short ears project from either side of each chain 
link in such a way that the whole interlaces and 
practically forms a wide link belt. The conveyor 
material is a high strength “Promal” iron, quite 
light in weight. Inside the furnace it slides ove: 
longitudinal supporting rails. (The general 
appearance at the discharge end is shown in the 
photograph, unfortunately taken while conveyor 
was operating, thus obscuring the details.) 

Che draw furnaces at Detroit Steel Products 
Co.'s spring plant have about the same cross se 
tional areas as the hardening furnaces, and were 
built to meet a specification to heat to drawing 
temperature (say 800 to 900° F.) in 20 min., and 


hold at temperature 9 F. (Cont. on page 64) 





Discharge End of Draw Furnace Heated by Circulation of Hot Air. 
Note two air heating units, with fans, built above the furnace roof 
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Correspondence 


and Foreign 


Letters 


IRMINGHAM, Axa. — It would be well to re- 

mind those readers of Professor Portevin’s 
interesting letter about the determination of the 
founding properties of alloys, in the January 
issue, that the Gray Iron Committee of the Amer- 
ican Foundrymen’s Association has been working 
We feel that 


we have a very accurate form of test for “cast- 


along these lines for some time. 


ability,” and one which can be used in anybody's 


Difficals 


Tests for 


foundry with a fair degree of 
reproducibility. 
As to the tests for shrink- 


age and other properties, the 


—_ > . . . . . . 
Founding situation is far from. satis- 
Properties factory. The foundry section 

of the Bureau of Standards 


worked out a method for the determination of 
volume changes, but this requires a very high 
class organization for its successful manipula- 
tion, and it is hardly conceivable that any but the 
When 


procedure in the 


largest foundries could use the method. 
we come to any available 


foundry we are immediately up against the 
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problem of small differences in the weight of 
large masses, or else the mass of the casting } 
small that the shrinkage is not sufliciently 
nounced. Of course, there is the German 
posal which involves molding of strain grids, 
anvone who has tried it has been impressed 
the very great difficulty in making such a [est 


perform “acording to Hoyle.” 


Technical men in the foundry industry 
would indeed be grateful to Professor Porte, f 


he would give us a test specimen for thess 


shrinks in castings. 
J. V. Machkenzi 


ILZEN, CzecnosLtovakia — We have noted 

frequently that differences of opinion ariss 
because, in spite of the recent progress in th 
metallography of steel, its terminology remains 
almost unchanged and therefore violates moder — 
conceptions about the nature of some of the 


We, in the Skoda Works, hav 


therefore attempted to standardize terminology 


microstructures. 


for hypo-eutectoid steels along the lines i 


cated in this letter. A 
First as to the term “troostite,” which is 

{rf 

commonly applied to two different structures of ¥ 

different origin. lroostite develops directly por 


from austenite. Latest investigations in Europ 
verify the conclusions printed 

yy Dr. Lucas i as onth’s : , 
by Dr. Lucas in last month —__ 


Sorbite 
Pearlite 





issue, that troostite formed on 
cooling has a lamellar structure 
like pearlite; only a_ gradual 
difference in fineness and den- 
sity of cementite lamellae exists between normal 
pearlite, “sorbite” and troostite appearing in the 
cooling is in- 


steel specimen as the rate of 


creased. It would therefore be more correct to 
use the single term, pearlite, to distinguish them 


?*) 


This was done, in fact, by E. C. Bain in the 1952 


Campbell Memorial Lecture when he used th 
terms “coarse pearlite,” “medium pearlite,” and 
“fine pearlite.” 

Hlowever, because the conditions at which 


the troostitic structure 





develops are sharp!) 
limited, and the grains have a character 
shape, we believe it would be useful to retain the 
term troostite, but to confine it to those « S 
where very fine pearlite occurs with marte! 
or austenite. The term sorbite will be reset 
solely for tempered martensite. 

Adding these ideas to Dr. Bain’s ter! 
ology gives the diagram shown above the mt 


It indicates that the structures developing 
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ly from the gamma phase are (a) pearlite, at first some so-called “troostite” crvstals of 







\r. transformation, (b) medium pearlite at a-iron wherein are precipitated submicroscopi 
\r. or the Ar’ transformation, (c) fine pearl- particles of cementite of greater dimensions than 
r troostite at the Ar’ transformation, and (d) single molecules. Sorbite forms at a higher tem 
tensite at the Ar” transformation. These may pering temperature. In this structure separate 
illed the primary structures. particles of cementite can be observed at high 
So much for the primary structures appear- magnifications. Finally, on long tempering, ap 
ifter cooling from above Ar,. How about the pears spheroidized pearlite. 
ndary structures arising when any of them The secondary structures deve loping from 
mpered? martensite when tempered therefore differ be 
\ccording to the latest investigations mar- tween themselves only in the fineness of cemen 
site is a supersaturated solution of carbon in tite dispersion. 
on (more precisely, iron atoms arranged on a We would like to stress the fact that struc 
wonal space lattice). Martensite is, there- tures ade veloping after t mpering martensite (al 
characterized by an atomic dispersion of though they consist of a-iron and cementite) 
bon in an iron lattice. Tempering develops differ essentially from those structures develop 
ing directly from = austenit 
upon cooling. This is shown 
AUSTENITE Origin and Nomenclature of Microstructures by the two forms of th 
Appearing in Hypo-Eutectoid Carbon pinnnneiniitite particles.  Sphet 
‘ Steel at Different C ooling Rates Pri- oidization takes place on 
Ar mary Structures and Their , ; 
; tempering; the particles of 







Changes Into Secondary 
Structures Upon 
FINE PEARLITE Tempering a ore , 

OR TROOSTITE oO i lamellar type (chal 
MEDIUM | + AUSTENTE | acteristic ot direct cooling) 


| hever appear in- tempered 
“ 

Ar martensite. 

W hil the sorbitic struc 


ture differs from martensit 


cementite acquire the shape 





of small globules. Structures 


| 

NORMAL | 
(COARSE) (TRANSITIONAL ) 

| 

| 

| 
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PEARLITE PEARLITE FINE PEARLITE | 
| ow TROOSTITE | enneiaenee 
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quite considerably, one can 





l __ | not draw a boundary between 


} MARTENSITE 
OLING °C/h 


RATE OF CO 





the so-called “temper troos 





tite” and sorbite. Hardness 
and other properties vary con 
tinuously when martensite ts 
tempered more and = mor 
thoroughly. While there ar 
certain reasons to apply the 


term “troostite” to fine, pri 


wf 


Beebg) SERA 


mary pearlite, there is, in our 


opinion, no advantage in giv 


. 


ing the same name to the 


> 


initial stage of martensit 


SORBITE 






decomposition on tempering 


In fact, quite the contrary, for 


\ PARTIALLY 
_, SPHEROIDIZED 
PEARLITE 





the sake of precision, 





We suggest, therefore, 





that tempered martensite 


COARSE % 
SORBITE jee 


should be called fine sorbite 
or coarse sorbite, according to 


its nature. Only coarsely 





coagulated sorbite should be 


called “spheroidized pear! 


DEGREE OF TEMPERING 


ite.” Phe photomicrographs 


_ SPHEROIDIZED 


PEARLITE = 

















illustrate the structures as discussed above. Ver- 
tical series of views illustrate the gradual change 
of primary structures to spheroidized pearlite. 
It should be understood, of course, that medium 
pearlite and fine pearlite (troostite) also change 
after sufficient tempering or annealing into 
spheroidized pearlite. 

A coarse sorbitic structure can be naturally 
obtained by the decomposition of troostite, just 
as spheroidized pearlite can be obtained by an- 
nealing lamellar pearlite. This, however, does 
not bring about any change in our definition, that 
sorbite and spheroidized pearlite are secondary 
structures whereas martensite and = lamellar 
pearlite (or troostite) are primary structures. 

The above should apply to carbon steel, for 
standardization of terminology for alloy steels 
must await more experimental work to determine 
the nature of new structural components ap- 
pearing at certain cooling rates. Likewise, the 
suggestions are for hypo-eutectoid steels, for the 
structures of hyper-eutectoid carbon steels are 
much more complex and their study has not vet 
advanced far enough for various investigators to 
reach agreement. 

V. Koserey 
F. Ponorn 


LEVELAND, Onto— We in the Cleveland 

Tractor Co.’s laboratory have been much 
interested in experimenting with some recently 
developed polishing compounds for metallo- 
vraphic preparation. Two of these, called “H-46 
Coarse” and “H-46 Fine,” are thick pastes made 
by the Carborundum Co., and showed especial 
merit. The coarse grade cuts about the same as 
Tripoli, while the fine grade 


vives a finish near to that of atid foe 
No. 2 alumina. 

We apply them to cloth Polishing 
covered wheels by stiff brushes. Rapidly 


Their action is desirable, not 

only because of extremely fast cutting, but free- 
dom from surface flow. However, relief polish- 
ing may occur, and inclusions do not seem to be 
well retained. Action of the etching agent is 
very rapid and clean. 

Photomicrographs in the adjoining column 
of a few specimens surfaced with these com- 
pounds may be indicative of expected results. 
Che monel metal, at 100 diameters, is etched with 
nitric-acetic-acetone; the gray iron, at 1000 
diameters, is etched with nital; the cast alloy 
with 3°. carbon, 18% Cr, 25°) W, and 1° V is at 
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Monel Metal, Gray Cast lron, Chromium-T ung- 
sten Casting, and Heat Treated Stainless Steel; 


All 


Samples 


Polished 


With 


New A brasive 
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PicTuRE the 


the sea at top speed, 


boilers of 
Or those parts under the heavy 
temperatures of 
“Moly” gives their steel the extra quality 
o meet extraordinary demands. 

Not only is Moly the most effective economical ele- 
ment for raising the creep strength of steel. But it also 
brittle- 
properties 


pressures and oil-refinery 
ments... 


; 


prevents temper embrittlement, reduces blue 
ness, and intensifies the corrosion-resisting 
imparted by other alloying elements. 


Example: A low 


carbon steel containing from 


+-O% Chromium gives good corrosion resistance In 


sil-refining service. The addition of only .50% 
Molybdenum has been found to improve greatly 
this desirable quality and to result in increased 
ecovery in the foundry as well as in the 
mentioned above. . 


\ hile 


added virtues 


there are various types of steels in 


CLIMAX 
“WV 


AARCH, 1935 


modern destroyer splitting 


require- 





gives vitality to high-temperature steels 


commercial use for which creep strength claims are 


made, the ones that grow in popularity are invariably 
Moly. The effects of Molvbdenum 


that there are today several foun- 
dries which. to insure the 


those containing 


are so remar kable 


retention of their sood 


reputation, Moly to their steels of 


insist on adding 
this type. 

Keep posted on the rapid progress of Molybdenum 
Let us put you on the mailing list of our periodical 
house organ. “The Moly Matrix.” 
request is all that is necessary. 


books: 


denum in Cast 


A simple post-card 
Write also for these 
Volyb- 
1934 Supplement. And, if 


i alloy proble m of your own. our metallurgists 


interesting Volybdenum in 1934” and 
Iron 
you ve 
and Detroit experinm ntal laboratory are at vour dis- 
posal in solving it. Climax Molybdenum Company, 500 


Fifth Avenue. New York City In Canada 


& Power Engineering 


Railway 


( orpori ation. Ltd 


o-lyb-den-um 
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100 diameters and etched with alkaline ferri- 
cyanide; the quenched and drawn casting analyz- 
ing 0.856. C, 1200 Cr, 386° Ni, and 1°) Mo is at 500 
regia in 


> 


diameters and is etched with aqua 
glycerine. 

We have found some work unsuited to these 
polishing compounds, but believe they have a 
definite merit in many applications. 


GORDON T. WILLIAMS 


~CHWEINFURT, 


handles much sheet metal doubtless has, at 


GERMANY Everyone who 
some time or other, earnestly wished for some 
simple and dependable test for its deep drawing 
qualities. One of the most valuable discussions 
of this problem I have read was printed in Mera. 
Progress, October, 1931, in the form of an article 
Only recently Prof. D. H. 


Brasch of Hamburg has published a= similar 


by Thomas Dockray. 


article concerning methods of testing and_ in- 
specting commonly met in Germany. 

Tolerances as to size and weight are, of all 
the requirements, most readily determined and 
enforced. Uniformity of analysis is another im- 
portant consideration. In the present state of the 
testing art, Prof. Brasch believes that the best 
information about the mechanical action of the 
sheets may be had, first from a hardness test, 
next from a tensile test, third from a bending 
test, and lastly from a cupping test. 

While the Erichsen test is the one most used 
by the German fabricating industries, it gives no 
values which fill all the requirements of a good 
test. For this reason E. Siebel and A. Pomp at 
the Kaiser Wilhelm Institute devised a new test- 
ing method for sheet, which consists in the ex- 
pansion of a circular perforation. This was 
described in Stahl und Eisen, 1929, p. 1866. Their 
original work showed the sharp distinction which 
can be drawn between deep drawing strip and 


stamping sheet by the new method. 
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It would be very enlightening to see the 
sults of an investigation in which a large num! 
of samples of various manufacture and con 
tions were tested by both methods. Furtherm: 

a statistical study of the scattering of the resi 
when tesing deep drawing sheet would be vy: 
useful. 

Mr. Dockray notes that thicker sheets 
erally have better elongations, and this fact js 
also noted on some German standards (DIN 
1623). However, this is contrary to my exp: 
ence with first grade material. We find that s 
steel sheets from 0.008 to 0.055 in. thick have 3 

1.5°. elongation in 2 in. Another statistical 
investigation of cold rolled, annealed, and aga 
slightly cold rolled extra deep drawing strip, 


0.020 to 0.196 in. thick, gave an elongation of 3 


1.5‘. in 4 in., independent of the thickness of 
sheet. It seems to me the importance of this 
should be emphasized. Of course, such results 
may be had only with test pieces carefully pri 
pared and tested according to standard. 

The SKF Industries, with which I am co 
nected, also place much reliance on metalk 
graphic tests of deep drawing strip, but parti 
ularly on the bend test. 

Metallographic examination of a_ polished 
cross section cut parallel to the rolling directio! 
indicates any abnormal segregation which may 
be present; after a litthe more polishing and 
etching, information is had on the grain size, th 
uniformity of carbon distribution (at say 12 
diameters) and the type of cementite at highe: 


magnifications, say 1200 X. Incidentally, carb 


' 


content may also be est 


mated, Conditions are 


Testiag of 
Sheets fer 


Deep Drawing 


observed at the cent 
near the surface, a! 
midway. 

The bend test oft 
shows great differences in materials with t! 
same hardness, eith: 


same elongation and 
r 


Brinell or Rockwell, and it has been obsery 
in fabrication that those sheets which have a hi 
bend value can be worked more easily than tho 
value, although both ha 


Brittleness of mate! 


with lower bend 
the same _ elongation. 
(whether caused by agingyor other factors) 
clearly shown, as is also any surface def: 
caused by gas blisters. 

We perform the bend test by alternate be! 
ing 90° to the right and left over a block of 2-m 
radius for thin sheets up to 1 mm., and a blo 
of 3-mm. radius for thicker sheets. The sam 
is struck with a mallet; it would be better if | 
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in those dependable Robins’ Screens ... 





Springs are Vanadium Steel 


Inthe well-known VIBREX 
Scree nn PP di € Dy Kobins 


Conveying Belt Company 


four coil sprines of 
Silicon-V anadium Steel 
arry Pe eniire i ad 
f screen and material 


Standard Double-Deck 
GYREX Screen made 
by Robins Conveying 
Belt Company, 15 Park 
Row, New York City. 
Transverse springs are 
Chrome-V anadium Steel. 





All over the world . wherever rock, ore, coal, coke and many other 
products are being screened . you'll find Robins GYREX and Robins 
VIBREX Screens. Playing an important part in the day in and day out 
performance of these Robins Screens are springs of Van: idium Steel 

In the GYREX heavy duty screen, for example, transverse springs of 
Chrome-Vanadium Steel carry a very large part of the total load of screen 
and material. They are subjected to severe stresses ri ipidly applied 

The four coil springs of Silicon-Vanadium Steel used in the VIBREX 
are subjected to stress reversals at even higher speeds. These springs carry 
the entire weight of the screen and its load. Only springs of Silicon 
Vanadium Steel have given satisfactory performance in this service 

Since adopting Chrome-Vanadium and Silicon-Vanadium Steels for this 









FERRO-ALLOYS 
of vanadium, silicon y 2 T ‘ > > T ; 

 nameeiem, oie VANADIUM CORPORATION OF AMERICA 
and silico-manga 120 BROADWAY, NEW YORK, N. ¥ 

nese, produced 6» tt PITTSBURGH 

Vanad Corpore , 

tion at dmarien pnt CHICAGO Bridgeville, Pa ETROM 
used by steel makers 
im the production of 
bigh-quaitty steeis 





very severe spring service, Robins Conveying Belt Company has entirely 
eliminated spring breakage. 


Plants at Bridgeville, Pa., and Niagara Falls, N. ¥ 


Research and Development Laboratories at Bridgevil Cc, Pennsylvania 


VANADIUM STEELS 


AARCH, 1935 


for strength, toughness and durability 
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steel producers and fabricators could agree upon 
a simple bend testing fixture. 

Probably the chief value of the bend test lies 
in the fact that it is a quasi-dynamic test, rather 
than the quasi-static tension test. 

H. DierGarTEeN 


URIN, Trary Many foundries 


have practically abandoned the use of cupo- 


European 


las, replacing them with electric furnaces, or 
with rotary furnaces fired with oil or pulverized 
coal. The latter are especially fitted for the pro- 
duction of iron castings of best quality. 

But, notwithstanding the great advantages of 
latest’ types, European founders 


these many 


maintain that the cupola — when properly used, 
and if designed according to the 


can stand — a 


Cupola 


Peactice 


latest improvements 
comparison with all other mod- 
ern furnaces, both from a_tech- 
nical and economic point of view. 
In appraising this viewpoint it 
must be borne in mind that very few classes of 
technical men are so conservative as foundry- 
men; their opinion is undoubtedly based in part 
on a general dislike for change. 

In fact, the “latest improvements” in Euro- 
pean cupola design do not seem so very impor- 
The results obtained with them during the 
Nevertheless, 


tant. 
last few vears are not impressive. 
some progress has been made in this field, and a 
few data concerning European cupola practice 
may be of some general interest. 

From the point of view of design, a great 
number of patents have been filed in the last 
few vears, but they are usually limited to details 
of construction. 

The distribution of the wind through a con- 
tinuous slet or through a great number of tuyeres 
has generally been abandoned after a few years’ 
favor and replaced by few tuveres, generally 
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turned downwards. For small furnaces mel 
up to two tons per hour, the tuyeres are usu 
two in number and it can be said that the n 
ber of tuyeres generally increases with the 
of the cupola, one being added for every | 
hour output. 

Nearly all the devices for making various 
tuyeres work alternatively have also been al 
doned after brief experimentation. 

A double row of tuyeres, superposed d 
with independent control, had been adopted a 
few years ago by some founders. It was ¢ 
tended that the wind from the upper row should 
“regenerate CO, from the excess of CO even 
ally formed by the combustion at the level of th 
lower row.” (This is obviously completely 
roneous, When even superficially examined in thy 
light of the chemical equilibrium between C, CO 
and CO, existing in the cupola.) Therefore this 
useless complication has been abandoned. 

Wind pressures vary from the very hig! 
pressures with correspondingly small tuyeres t 
low pressures and large tuyeres. Pressures mor 
commonly adopted for small furnaces, of hourly 
capacity up to two tons, are between 10 and 16 in 
water. 
of from 5 to 10 tons usually carry a wind pres 


Larger furnaces with hourly capacities 


sure between 20 and 30 in. of water. 
A great number of special designs of for 
proposed and 


have been 


A typical and general feature is a 


hearths recently 
adopted. 
svphon-shaped tube connecting the tap hole wit! 
the forehearth. ‘This separates the slag cleanly, 
and relieves the forehearth of wind pressure 
Advantages of such a simple device are real 
remarkable. 

The necessity of obtaining very hot ir 
when the cupola must compete with the elect: 
or the revolving furnace in the manufacture 
high strength castings, has engendered mat! 
recent efforts to improve the thermal efficien 
A special tuyere has sometimes been placed 
the forehearth for overheating the molten met 
Usually the efforts have been directed towa 
preheating the wind. Many types of preheat 
have been constructed; some of them are pla 
at the blower intake, some between blower a 
furnace. The results have been questional! 
From the point of vew of purity and uniform! 
the metal so obtained can hardly be compat! 
with iron melted and overheated in an elect 
or in a revolving furnace. 

From the point of view of coke econon 
experience has proved that blast heaters do 
bring notable results. (Continued on page | 
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. 
for applications of Heat or 
it Corrosion ...... 


Specity 
Cast NICHROME 


Carburizing Containers 
Heat-treating Containers 
Pyrometer Tubes 

Lead Pots 

Cyanide Pots 

Furnace Parts 


Cast CHROMAX 


Carburizing Containers 
Lead Pots 

Cyanide Pots 

Furnace Parts 


made by 


DRIVER~HARRIS COMPANY 


HARRISON, NEW JERSEY 


————— 




















| Quenching of Steel 
| -».- an answer to your problems 


By HERBERT J. FRENCH 

late of the Bureau of Standards, 

now with International Nickel 
Company. 


HIS book is a comprehensive discus- 
sion of cooling characteristics of var- 
ious cooling media (coolants). Cooling 
properties are given for both surface and 
center cooling of a given mass of steel. 
Data for center cooling are summarized 
graphically and in equations which per- 

| mit computation of center characteristics 


of various sizes and shapes of steel. 


172 pages, 6 x 9, 105 illustra 
tions... bound in red cloth 


sep 50 


Mail Your Order Today 





AMERICAN SOCIETY 
; for METALS 


7016 Euclid Avenue Cleveland, Ohix 























IF YOU HAVE | 


TOOL WORK TO DO 
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B-20 PRE-HEATING FURNACE 
(With Atmospheric Cont: 
12” « 24" x 10 


here is the furnace to use 


The “AMERICAN” Electric 


Pre-heating Furnace 


The latest production-type unit with auto 
matic atmospheric control, automatic tem- 
perature control, and foot treadle door mech 
anism. 

@ Comes up to heat fast. 

Holds uniform temperature 


@ Does not scale, burn, nor decarburize 
your work, 


Vay we forward data ” 


[Aap 


American Electric Furnace Co. 


30 Von Hillern Street Boston, Massachusetts 


Manufacturers of Gas and Electric 
Industrial Furnaces 
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CHAR 


CARBURIZERS 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 























JESSOP’S 


GENUINE SHEFFIELD 
TOOL STEELS 


The quality of tool stee! depends upon several fac- 
tors. The best raw materials must be used. Proper 


methods and equipment are important. 


But experience plays the leading role in the produc- 
tion of dependable tool steels. Jessop’s Steels are 
backed by 161 years of experience. Today they are 


the standard of quality wherever tool steels are used. 


This long experience has given Wm. Jessops & Sons 
a keen appreciation of what is expected of tool 


steels—Users don't have to worry about production 


troubles. 
W™: JESSOP & SONS 
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Spring Leaves 


(Continued from page 55) for one hour. Si: 
floor space was limited, the furnaces were m 
oU ft. long, and the conveyor travel is correspo 
ingly slow. 


hese furnaces are heated by standard §$ 


face Combustion convection type air heat 

Two units are mounted on the roof of « 

furnace, each serving one-half the length. S 
shown in the view on page 55 these consist of 
“Dutch ovens” in which the necessary amount of 
city gas is burned to keep the recirculating air at 
the correct temperature. Fans deliver this hot 
air to several ducts, both above and below the 


conveyor hearth, and appropriate flues draw the 
hot air off and return it to the heater. Pressure 
inside the furnace is maintained slightly above 
the outside atmosphere, so there will be no 


rush of cold air at the entrance and discharges 


doors, and, on the other hand, it is so balance: 
that no blast of hot air escapes at those openings 
The temperature of the draw furnace is so | 


that no scale is formed. 
Advantages of Modern Equipment 


With our new hardening furnaces with co. 


trolled atmosphere and our improved drawing 


furnaces, we have been enabled to achiev 
several results in mass production which we b¢ 


lieve are unique in plants making leaf springs 
We are heating, before quenching, for wu 


usually long times, to unusually close tempe! 


f 


ture limits, in a neutral atmosphere which do 


4 


not add or subtract anything from the surface 
delivered by the steel mill. 
The heat 


quenching practice, as described, produces spr 


combination § of treatment a 


leaves which are unusually uniform. For 
stance, we have no serious difficuliy in meet 
a specification as close as 444 to 461 Brinell. 
Last, but by no means least, we are camlb« 
ing spring leaves so accurately that hand fitt 
is almost eliminated, even though the thickn 
may be as low as 0.155 in., rather than the 0.25 
bars which were frequently handled in the p: 
Absence of warpage is a certain sign of u 
formity in internal structure. Elimination 
hand fitting abolishes the large and unknown 
induced by “setting” harde 


ternal stresses 


steel leaves. 
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BEHIND “le scenes of INDUSTRY 


Though obscure, the picture of MAHR fur- 
naces behind the construction of the modern 
automobile is very real. MAHR furnaces car- 
burize the piston pins, heat the steel for 
forming the springs and bumpers, bake the 
cores for the cylinder blocks, heat the steel 
for forging the crank shafts, heat treat the 
alloy axle, and perform numerous other vital 


functions. 








Most owners little realize the important 


part played by modern furnace design in the 


Ges-Electric-Oil rapid progress of the automobile industry. 
Furnaces and 
Kindred Equipment Vital parts are strengthened, the car as a 


whole can be made lighter and the wearing 





parts made to last longer because furnace 


engineers and alloy steel manufacturers 


Mj have kept pace with progress. 
IAHR MAHR MANUFACTURING CO. 


999999999999999999 MINNEAPOLIS, MINNESOTA, JU. S. A. 
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THE QUICKEST, LOWEST COST CLEANING 
FOR ALL HEAT TREATED PARTS 


@PANGBORN Blast Cleaning Cabinets, Barrels and 


other types of equipment are in daily use removing 

scale from all sizes and shapes of Heat Treated parts 
it lowest possible cost Finish is always uniform. 

Production constant Hand or automatic operation. 
07 y) - . ; "yrto Le 
Bulletins gladly mailed upon request. Write to the 


World's largest Mfar's of Blast Cleaning and Dust Collecting Equipment. 














PANGBORN CORPORATION 


MARYLAND 


HAGERSTOWN 


_——————— aT ee 
| 














PURE CARBIDE-FREE 








metals 


ESS SSS SSS SSS SNS SSS NNN SN 
Tungsten Powder__. 97-98% 


Pure Manganese___. 97-99% 
Ferro-Chromium __- 60% 
Pure Chromium ____ 98-99% 
Ferro-Tungsten ___-- 75-80% 
Ferro-Titanium_25% and 40% 
Ferro-Vanadium ___. 35-40% 


Send for Pamphlet No. 2021 





Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


Albany * Pittsburgh * Chicago 
South San Francisco * Toronto 
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| Lerrcemoendeace 


(Cont. from page 62) In fact, coke consumpt 
in the latest European cupolas, when melting | 
ordinary iron, very seldom goes below 8.5‘; , and 
usually reaches 9.5 to 10° of the weight of 
molten iron. These figures are practically | 
same as obtained 20 years ago with cupolas of | 
same size melting the same types of iron. 
Feperico GIoLirr) 


ARIS, France — The precision attained 

machinists, in the production of metal! 
parts, may be expressed by means of a decimal 
fraction of a unit of length. That is to say, thy 
tolerance on a rough casting may be 0.100 i: 
the tolerance on the diameter of a punched hol 
may be 0.010 in.; the tolerance on fine lathe work 
may be 0.001 in.; on precision grinding it may lb 
0.0001 in.; and only on the best 
of gages is it less than 0.00001 in. Metals 
It has also been said by competent 
authority that the science of meas- of High 
urement increases in precision by PP enutitin 
another decimal every 50 vears, 
and that every acquired decimal ushered in gr¢ 
improvements in science and applied mechanics 

In the same way, improvements in metal- 
lurgy may be expressed by means of the decimals 
gained in the purity of industrial metals. 

As in the case of linear tolerances, purity 
metal may be expressed by a decimal repress 
ing the total impurities or dross. Thus the dross 
in a metal like iron which is smelted at high te! 
peratures from impure mixtures may be m« 
ured in units of 0.01 (1%); dross may be 0.0 
(0.10°°) in metal like tin which is smelted 
lower temperatures from very pure ores; it D 
be measured in units of 0.0001 (0.01°7) in a m« 
like nickel which is condensed from a vapor 
gaseous carbonyl compound. 

Within the last few years a considerable 
provement in purity has been realized in copp 
zinc, cadmium, aluminum, and magnesium 
perfecting the electrolytic refining process. | 
best example is zine, and is well known to \ 
Americans, who have insisted on 99.99% pul 
for the manufacture of die castings. High pu! 
magnesium and calcium (dross measured 


units of 0.0001, or 0.01) Cont. on page 
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WITHOUT 
QUALITY 
COMPETITION 


OLDEST and LARGEST 
EXCLUSIVE MANU.- 
FACTURER OF HEAT 
AND CORROSION RE- 
SISTANT ALLOY 


CASTINGS 


GENERAL ALLOYS CO. 


BOSTON e CHAMPAIGN 
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LEITZ 
Ring [lluminator 


The Ideal Hlumi- 
nation device for 
Photo-Macrogra- 
phy in Reflected 
Light. 


Write for Pamphlet. 


E. LEITZ, INC. 
DEPARTMENT 673 
60 EAST 10th STREET 
NEW YORK CITY 


° 


BRANCHES : 


WASHINGTON, D. C. 
CHICAGO, ILLINOIS 
LOS ANGELES, CALIF. 
SAN FRANCISCO, CALIF. 
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YOU CAN BUILD 


/. 


ON MILD STEEL + - 


Cutting tools and dies now can be made of cold rolled 





stock and provided with hard, tough cutting edges 
which last longer than hich speed tool steel. The cutting 
edge metal is deposited on the mild steel by are weld- 
ing with the new “Toolweld” electrode. Tools so made, 
also tools of high speed tool steel, can be rebuilt with 
“Toolweld” innumerable times. The weld metal, as 
deposited, has a hardness of 55 to 65 Rockwell C. This 
hardness is retained at relatively high temperatures, up 
to approximately 1000 degrees Fahrenheit. “Toolweld” 
metal can be heat-treated in the same manner as high 
speed steel. The weld metal is of high density. practi- 


cally free from porosity. 


COMPARISON—On a lathe operation, fourteen 
shafts were turned to a depth of 3/16" for le neth of 15” 
by a mild steel tool faced by “Toolweld”. Turning at 
the same speed, only six shafts could be machined 3/16 
deep for 12” length by the usual high speed tool before 
it had to be reground. The tool of mild steel faced 
by “Toolweld” showed almost no signs of wear, yet it 
did practically three times as much cutting. On this 


particular operation, *Toolw eld” reduc ed tool costs 62%. 
FREE trial sample of *Toolweld” electrode with come 


plete procedure for application is available upon 


request addressed to 


THE LINCOLN ELECTRIC COMPANY 


Welding Engineering Dept. Cleveland, Ohio 


Largest Manufacturers of Arc Welding Equipment in the World 
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FOR UNIFORMI ) (Cont. from page 66) have also been secured 


in considerable quantity by distilling the best 





available metal. 

High purity metals are therefore obtained 
by industrial or semi-industrial processes and 
which allow us to look for practical applications 
In this respect it may be pointed out that two 
general properties, having a great practical im- 
portance, appear to be conferred on metals by 
high purity, (a) ductility and (b) resistance to 
chemicals, 

Gold gives a good illustration of the former 
Metal 99.8¢¢ pure may be beaten out in leaf thre 
millionths of an inch thick. Nevertheless, if that 
gold contained 0.05‘¢ bismuth it would be as brit- 
tle as toast. 

Dr. P. Bastien in the writer's laboratory has 
recently obtained some interesting results along 
the same line. He found that industrial magne- 
IN sium (dross 0.5'.) had a ductility of 10°. elonga 

tion in a rolled and annealed bar; when purified 


ANNEALING by distillation (dross less than 0.001°7) its elon- 


gation was 18‘. Similarly, industrial calcium 


CAST ALUMINUM (dross 1.5'¢) in east bars had 30°) elongation; 


purified to 0.7°¢ dross it had 53° elongation — a 


AIRCRAFT MOTOR FRAMES notable increase. 


Everyone is familiar with the contention of 





In annealing of cast aluminum aircraft motor wrought iron manufacturers and makers of “in- 
frames, weighing 400 pounds, there must be got iron” that corrosion resistance increases with 
exceptional temperature uniformity through- the purity. This question cannot be answered 


out the entire heating chamber. This temper- ; 
ie I categorically, but undoubtedly some very pur 


ature uniformity is effected by the proper loca- : : . 
: metals are quite insoluble in reagents which 





tion of the heating source combined with rapid ; 
. . react to produce soluble compounds. (Obviously 
heat circulation caused by motor driven fans. nals ; 
it would be unfair to test the metals in solutions 


Hevi-Duty’s TWENTY-TWO years of en- which render them passive, as aluminum in nit- 
gineering experience in designing electric furnac- ric acid, or magnesium in hydrofluoric acid, and 
es exclusively makes possible equipment that which result in the production of insoluble ad- 
gives this expected uniformity of temperature. herent salts.) Dr. Bastien has tested the mag 


nesium mentioned above in 1° HCl in w r, 


TRADE MARK 


all~ JST“ and finds that the rate of solution of the « 
—WF — oo a oo , . « ; 
oa re _ mercial metal is 240 mg. per sq.cm. in II 
REG. U.S. PAT. OFF ‘ ir . 
whereas the figure for purified metal is cut to 


HEAT TREATING FURNACES mg. Results are really striking for alumin 
ELECTRIC EXCLUSIVELY Industrial metal (dross 0.5°%) dissolves in 
aqueous solution of HCI at the rate of 31 





<— > —____ 
per sq.cm. in 10 hr., whereas aluminum pu! 
HEVI DUTY ELECTRIC CO. to 0.005° dross by electrolysis only loses 3 
MILWAUKEE, WIS. in the same circumstances. 
4 4 ALBERT PorRTE, 
- METAL PROG? 5S 
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In making tools for our own 
use, your furnaces quickly paid 
for themselves 


Reduced Steel Bill 


‘ ; 


Savings by elimination of spoilage amount to $212 per month 


in the plant of a machine firm They had about 25% spoilage 


formerly because all high speed tools were special and of 
great variety, making it impossible to harden by formula 
When they installed “Certain Curtain” furnace they found 
that the precise atmosphere control gave them a “Margin ol! 
Safety Even the most delicate tools could be held extra 
long at the critical without scaling, pitting or other injury 
Savings in steel and other tool costs paid for this equipment 


in one single year 
30% more cuts between grinds 


The report of another firm, a very large machine shop, is 


that they realize a profit of $571 per month on their “Certain 


Curtain” team of pre-heat and high speed They get 
more cuts between grinds, saving 25 of labor in the tool 
grinding department They also report a 25° decrease 
the cost of finished tools, including saving n steel 
making cost and hardening cost This equipment repaid its 


ost in well under a year 


{tmosphere Control the reason 


The prime reason for the success of “Certain Curtal hard 
ening in comparison with other methods, is that it has the 
only effective control of furnace atmosphere This patented 
feature eliminates surface attacks, minimizes distort 

Oo grain growth Certain Curtain furnace ! 
hemselve giving y better tools at le cost 


WRITE FOR DETAILS 


Ask for cost details on Precision Hardening 


Cc. §. HAVES, tac. 


129 BAKER STREET, PROVIDENCE, R. |! 


E. F. BURKI W DEN k 


rant } " , rittee t > ft v e 


Ht iL. « U 
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Send 


for These 


Pamphlets 


New Homo Furnace 


The new Homo furnace described 
in a bulletin issued by Leeds & 
Northrup provides for even temper- 
ing on a very dense load. Auto- 
matic control includes a_ feature 
that prevents overshooting. Fine 
tempering on extra dense loads at 
low cost is” provided. Bulletin 
Mx-46. 


Safety in Oxwelding 


A revised edition of “Precautions 
and Safe Practices” in the care and 
handling of oxy-acetylene equip- 
ment has been prepared by Linde 
Air Products Co. This booklet is 
regarded as a standard reference on 
this phase of safety in industry, 
and this latest edition contains 
some new suggestions required by 
advances in the oxy-acetylene proc- 
ess. Bulletin Mx-63. 


Tubing Weight Tables 


Timken Steel & Tube Co. has is- 
sued a series of “Master Weight 
Tables” for round steel tubing, on 
letter size heavy paper, punched 
for binding. Weights per lineal 
foot of length are given for all sizes 
of hot finished and cold drawn 
tubing. Bulletin Mx-71. 


High Tensile Steels 


Three types of high tensile steel 
particularly adapted to the trans- 
portation industries are described 
in a folder from U. S. Steel Corp. 
These are a chromium-copper-sili- 
con steel for corrosion resistance, a 
medium manganese steel, and a 
strong structural silicon steel. Bul- 
letin Mx-79. 


Box-Type Furnaces 


The advantages of Hevi Duty box- 
type electric furnaces are concisely 
stated in a folder which contains 
specifications and a fully labeled 
cross-section of a representative 


furnace. Bulletin Mx-44. 


Turbo-Compressors 

The new items in Spencer Tur- 
bine Co's bulletin are a new and 
smaller “Midget” turbo for indi- 
vidual mounting, a single-stage line 
which effects new economies, and 
the gas-tight turbos for acid and 
explosive gases. Bulletin Mx-70. 
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Annealing Stampings 


Operating data on a controlled 
atmosphere furnace for bright an- 
nealing steel stampings are given 
in an illustrated folder offered by 
Surface Combustion Corp. Among 
the advantages listed are economy 
of fuel consumption and elimina 
tion of necessity for pickling. Bul- 
letin Mx-51. 


Hardening High Speed 


No spoilage when high speed steel 
is hardened in Certain Curtain elec 
tric furnaces, claims a recent book- 
let of C. 1. Hayes, Inc. Grain growth 
is controlled and the most delicate 
tools develop maximum hardness 
without decarburization, scaling or 
fusion. Bulletin No-15. 


The Enduro Family 


A new edition of Republic’s book- 
let on the Enduro 18-8 family of 
stainless steels includes among other 
authentic data a table showing cor- 
rosion resistance in the presence of 
several hundred chemicals, solu- 
tions, and other reagents. Bulletin 
Mx-8. 


Misco Alloys 


Compositions, properties, and ap- 
plications of Misco stainless, heat, 
and corrosion resisting castings are 
given in an illustrated folder offered 
by a pioneer producer, Michigan 
Steel Castings Co. Bulletin Mx-84. 


Carburizing Steel 


High strength and ductility, forge- 
ability, and machinability, com- 
bined with superior case carburiz- 
ing properties permit the attain- 
ment of maximum production with 
minimum cost. Such _ properties 
are obtainable in Jones & Laugh- 
lin’s Jalease steel. Bulletin Mx-50. 


Controlled Steels 


Carnegie Steel Co. has published 
a very interesting booklet which 
describes in some detail the process 
control used in the production of 
uniform steels. Bulletin Je-85. 


New Joining Process 

Metal parts are joined cheaply, 
neatly and strongly by Electric Fur- 
nace Co.’s new, inexpensive non- 
oxidizing furnace atmosphere and 
their new, continuous brazing, cop- 
pering and soldering furnaces. Full 
details are given in Bulletin Ar-30. 


Coated Electrodes 


Murex heavy mineral coated 
electrodes are the subject of a well- 
conceived booklet prepared = by 
Metal & Thermit Corp. Emphasis 
is laid on the metallurgical merits 
of a heavy, all-mineral coating. 
Many practical hints on welding 
are included. Bulletin Jr-64. 


Cyanides and Salis 


R & H Chemicals Department of 
Ek. I. du Pont de Nemours Co. has 
a new 28-page manual on the pro- 
cedure for case hardening, reheat- 
ing, nitriding, and mottling of steels 
with cyanides, and on _ coloring, 
tempering, and drawing with salts. 
Nv-29. 





Quenching Handbook 


E. F. Houghton & Co. have 
lished an excellent 80-page hand. 
book on the subject of quench og 
More than 30 charts and phot 
crographs help tell the story 4 
copy will be sent free to those 
request it. Bulletin J1-38. 


Cast Vanadium Sieel 


Jerome Strauss and Georg 
Norris have written a_ tech 
booklet for Vanadium Corp f 
America describing the props 5 
developed by steel castings cont 
ing various percentages of va 
um. Bulletin S-27. 


High Strength Sieel 


Cromansil steel, a developme 
Electro Metallurgical Co., has hit 


strength and good _ ductility 1S 
rolled” and is thus fine for strue 
fural applications where its great 
strength saves much dead weight 


Bulletin Je-16. 


Blast Cleaning 


A centrifugal machine which 
cleans castings without the use of 
compressed air is the subject of 
Pangborn Corporation’s new folder. 
How and why 1800 Ib. of castings 
can be cleaned in 8 min. at low 
cost is told. Bulletin Jx-68. 


Photocell Pyrometers 


Recording potientiometers using 
a beam of light, a mirror galvanom- 
eter, and a photo-electric cell give 
instantaneous control with high 
sensitivity and accuracy. The dif- 
ferent varieties made by C. J. Tag- 
libue Mfg. Co. are described in a 
16-page letter-size booklet. Bulletin 
Fx-62. 


Electric Furnaces 


A wealth of information on con- 
trolled atmosphere electric furnaces 
is contained in General Electric 
Co.’s booklet by that name. De- 
tailed data are given on electric 
brazing in particular. Bulletin 
Jx-60. 


Nickel Cast Iron's Uses 


The role of nickel and nickel 
chromium cast iron parts in such 
applications as fabricating sheet 
metal, pressing and forging is in- 
terestingly explained in a new pam 
phlet of International Nickel! Co 
Bulletin Ag-45. 


Metallograph 


A new 36-page booklet of E. Leitz, 
Inc., contains all information on the 
Leitz large Micro-Metallograp5, 
MM 1. Excellent photomicrographs 
are reproduced to show its ca 
pacity. Special attention is gives 
to the darkfield illumination i- 
ture. Bulletin Se-47. 


Tempering Furnace 


Technical details and ope! 
data on Lindberg Steel Tre 
Co.’s new Cyclone electric te! 
ing furnace, which has shown 
markable performance reco! 
steel treating operations, are 
in Bulletin Fx-66. 
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hielded Arc Welding 


coln Electric Co. offers a very 
iescriptive booklet describing 
process of welding with a 
ded are. Text and illustrations 
iesigned to acquaint engineers 
the possibilities of the proc- 
Bulletin Ob-10. 


-hosphor Bronze 


verican Brass Co. tells why 
nda “Special” phosphor 
ze can be used advantageously 
bushings, bearings, gears, and 
screw machine products. It 
truly free-cutting alloy and does 
foul cutting tools. Other prop- 
s are given in this new edition 
their booklet. Bulletin Fx-89. 


Molybdenum in 1934 


limax Molybdenum Co. presents 
ir annual book giving new de- 
pments in molybdenum, partic- 
irly as an alloy with iron and 
e] The engineering data pre- 
ted are made clear by tables 
illustrations. Bulletin De-4. 


Dark Room Layout 


4 novel card 9%x13 in. contain- 

g suggested arrangements for a 
photomicrographic dark room has 
been designed by Bausch & Lomb. 
Costs for installation are estimated, 

1 on the reverse side are printed 
rules for using the dark room. Bul- 
etin Jx-35. 


Radium Radiography 


Advantages of portability, ease of 
ipplication and manipulation in 
examination of castings, forgings, 
molds, weldings, and assemblies are 
ittributed to radium for industrial 
radiography. Details are given in 
1 booklet issued by Radon Co. Bul- 
letin Jx-56. 


Neophot 


Neophot” is the name of a new 
etallograph of radically new de- 
sign and universal adaptability. A 
pamphlet distributed by Carl Zeiss, 
gives its applications and fea- 
tures and is well illustrated with 
iutiful samples of micrographic 
rk. Bulletin Jx-28. 


Fast-Cutting Steel 


Bliss & Laughlin, Inc., offer an 
teresting technical folder on UI- 
i-Cut Steel, giving performance 
cords of this high-speed screw 
stock on automatic screw machines. 
Physical data and microstructures 
presented. Bulletin Ob-42. 


; 


Foundry Pyrometer 


\ leaflet from Pyrometer Instru- 

ent Co. briefly tells the advantages 

i operation of their Pyro Immer- 

Pyrometer for foundry use. 

his compact, self-contained instru- 

ent can be operated with one 
d. Bulletin Fx-37. 


Cold Drawn Shapes 


Many applications of cold drawn 
res and flats are enumerated 
nion Drawn Steel Co. in this 
ier. Sizes, grades of finish, and 
positions available are listed. 
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Pre-Heating Furnace 


General heat treating operations 
up to 1900° F., pre-heating of high 
speed steel, annealing and firing of 
glass are some of the applications 
listed in American Electric Furnace 
Co.’s folder on their new model 
B-20 furnace. Bulletin Jx-2. 


Heat Resisting Alloys 


Authoritative information on al 
loy castings, especially the chro 
mium-nickel and straight chromi 
um alloys manufactured by General 
Alloys Co. to resist corrosion and 
high temperatures, is contained in 
Bulletin D-17. 


Manual of Py rometry 


Brown Instrument Co. offers an 
elaborate manual which describes 
the 50 exclusive features of their 
potentiometer pyrometer. The book 
will greatly interest those who must 
maintain accurate temperature 
Bulletin Jr-3. 


Big-End-Up 


Gathmann Engineering Co. briefly 
explains the advantages of steel cast 
in big-end-up ingots, showing the 
freedom from pipe, excessive seg 
regation and axial porosity. An 82 
ingot-to-bloom yield of sound steel 
is usual. Bulletin Fe-13. 


Localized Heat Treating 


American Gas Furnace Co. offers 
information on production ma 
chines for localized hardening, 
tempering or annealing of tools, 
saws, springs, screws and machine 
parts of all kinds, using gas as 
fuel. Bulletin Ag-11. 


Heat Treating Manual 

A folder of Chicago Flexible 
Shaft Co. contains conveniently ar 
ranged information on heat treat- 
ing equipment for schools, labora 
tories and shops, and also illustrates 
the several types of Stewart indus 
trial furnaces. Bulletin Ar-49 


Aluminum Alloys 

Working facts on aluminum 
the properties and heat treatment 
of both cast and wrought alloys 
are briefed for the manufacturer 
and designer in a booklet by Alu 
minum Co. of America. An ap- 
pendix gives tables of physical 
properties, forms and sizes avail 
able. Bulletin De-54. 
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Rec uperators 


Results obtained with Carborun 
dum Company’s recuperators using 
Carbofrax tubes are fuel savings, 
closer temperature control, faster 
heating, and improved furnace at 
mosphere Complete engineering 
data regarding application to vari 
ous types of furnaces are given in 
Bulletin Fx-57. 


Sheffield Steels 


Wm. Jessop & Sons, Inc., have a 
booklet which tells why a special 
anneal and a proper balancing of 
carbon, manganese and tungsten 
combine to make Sheffield Superior 
oil hardening steel non-distorting 
and easily machinable Bulletin 
Jn-61. 


Testing with Monotron 


Shore Instrument & Mfg. Co. of 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately ur! 
der all conditions of practice. Bul 
letin Je-33 


Alloy Castings 


Compositions, properties, and 
uses of the high nickei-chromium 
castings made by The Electro Alloys 
Co. for heat, corrosion and abrasion 
resistance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32 


Carburizing Boxes 


Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes. 
Physical properties at room tem 
perature and under operating con- 
ditions are given, as are the advan- 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


Electric Furnaces 


The electric furnaces made by 
Hoskins Mfg. Co. are well presented 
in their latest catalog. Contents in 
clude data on 17 types of furnaces 
and some valuable information on 
Chrome! resistance wires and ther- 
Bulletin Sp-24 


mocouples 


Sensitive Controller 


Unique features of Foxboro pyro 
eter controller which give it high 


sensitivity, essential for good con 

trol, are given in Bulletin Mx-2! 
charge o1 bligat the following 
issue Please rder by‘ mmibe 

















Columbia 


TOOL STEEL 





In these days of increas- 





ing demand and work- 






ing restrictions, itis good 






policy to give thought to 





more highly productive 





tool steels. 





COLUMBIA TOOL STEEL COMPANY 


E 14TH STREET CHICAGO HEIGHTS. ILLINOIS 
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FULL MUFFLE CONTINUOUS HEAT TREATING 


for Clean, Scale-Free Work 


Work passes from full muffle, in which any 
desired gas atmosphere can be maintained, 
This added ad- 


vantage in our reciprocating machines makes 


directly into the quench. 


them one of the most versatile vet designed. 


Write for complete details 


AMERICAN GAS 
FURNACE COMPANY 
ELIZABETH, NEW JERSEY 
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Some Properties of Tin Containing Small Am 
of Aluminum, Manganese, or Bismuth, D. Har 
British Institute of Metals, Paper for March Me 
de Constitution and Properties of Cadmiun 
Alloys, D. Hanson, British Institute of Metals, P 
for March Meeting. 


Heat Treatment 

Electric Furnaces for Industrial Heat Treat: 
\. G. Lobley, Metallurgia, Jan., p. 61. 

Continuous Bright Annealing of Copper Tul 
E. Linderme, Industrial Gas, Feb., p. 13... . €l 
Annealing at Motor Wheel Corporation, A. G. S 
Heat Treating & Forging, Jan., p. 11 . Contr ! 
Atmosphere Furnaces for Hardening Small S; 


Springs, F. L. Prentiss, Iron Age, Jan. 31, p. 33. 

Factors Affecting Furnace Heating Practice, |] 
Sarjant, lron & Steel Industry, Jan., p. 147... . 4 
trol of Scale Formation in Heating Steel, T. B. Becht 
Iron & Steel Engineer, Jan., p. 26. 

ABC of Carburizing, J. F. Wyzalek, Steel, Feb. 4 
p. 34. 

Heat Treatment of Cutting Tools, R. C. Deal 
chinery, Feb., p. 350... . Initial Course of Subcritical 
Isothermal Diffusion Reactions in Austenite ir 
Alloy Steel, H. A. Smith, A.IL.M.E. Tech. Pub. 602, 
Metals Technology, Feb. 

Hardening Cylinder Liners by Nitriding, J 
Dummelow, Automobile Engineer, Jan., p. 7. 

Heat Treatment in a Motor Car Plant, Machi 
(British), Jan. 10, p. 509. 

Corrosion and Protection 

The Corrosion of Metals, U. R. Evans, Sei 
Progress, Jan., p. 395 rube Corrosion, | 
Bullen, Metallurgist, Dec. 28, p. 183... . Corrosi 
Wrought Iron and Steel, Raymond Morgan, Jo 
of the Franklin Institute, Feb., p. 157. 

rests for Corrosion Resistance of Stainless St 
C. M. Johnson, Iron Age, Feb. 7, p. 12 .... The E.M.! 
Between Metals in Sea Water, J. W. Willstrop, | 


neer, Jan. 25, p. 107. 


Effect of Five Years’ Atmospheric Exposure 
the Breaking Load and the Electrical Resistans 
Non-Ferrous Wires, J. C. Hudson, British Institut 
Metals, Paper for March Meeting Cort 


Fatigue Properties of Duralumin With and Wit! 
Protective Coatings, I. J. Gerard, British Institut 
Metals, Paper for March Meeting. 

Protecting Bolts and Nuts of Pipe Joints ! 
Elecirolytic Corrosion, J. A. Perry, American Gas 
sociation Monthly, Jan., p. 31..... Tests of Galva 
Products, Steel, Jan. 28, p. 36... . Coated Steel B 
ery Tanks, H. A. Bradt, Boiler Maker & Plate 1 
cator, Jan., p. 19. 

Tools and Fabrication 

Manufacture of Carbide Tools, Iron Age, Ja 
p. 30... . Carbide Tools on Non-Ferrous Meta 
\. Westbrook, American Machinist, Feb. 13, p. 17 

Classification and Properties of Tool Steels, ! 
Chambers, Canadian Chemistry & Metallurgy, 
p. 19... . High Molybdenum Tool Steel, Steel 
28, p. 31; Iron Age, Jan. 31, p. 43. 

Wire Drawing Dies for Special Shapes, J 
well, Steel, Jan. 28, p. 22. 

Measuring Quality of Surface Finish, E. J. A! 
Paper for S.A.E., Detroit Meeting. 
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What to read 


Foundry 


Defects in Iron Castings—Cause and Cure, T. 
Foundry Trade Journal, Jan. 24, p. 77 5 42 
es of Porosity, R. A. Bull, Foundry, Feb., p. 33. 
Heat Tre ating Steel Castings, John D. Knox, 
, Feb., p. 22. 
Wes ur —ohs Mae Tubes, Centrifugal Cast and 
led, E. F. Ross, Steel, Feb. 11, p. 40. 
oblems in Bronze, H. J. Roast, Iron & Steel of 
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Physical and Casting Properties of the Nickel 
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ology. Feb. . . . . Unsoundness in Aluminum 
| Castings, D. Hanson, British Institute of Metals 
for March Meeting. 
Some Effects of Copper in Malleable Iron, C. S 
\.I.M.E. Tech. Pub. 603, Metals Technology, 
Cc. H. Lorig, Foundry Trade Journal, Jan. 31, 


Equilibrium Relations in the Copper Corner of 
rernary System Copper-Tin-Beryllium, E. W. Row 
i, A.LLM.E. Tech. Pub. 613, Metals Technology, Feb. 


Welding 


Manufacture of Welding Electrodes, F. A. West 
k, Wire & Wire Products, Feb., p. 68 

Arc Welding of Thin Sheet Metal, C. M. Taylor, 
et Metal Worker, Jan., p. 28... . Welding Cop 
Pipes, W. L. Kilburn, Industrial Gases, Sept., p. 149 
Welded Chemical Equipment from Special Metals, 
P. Poste, Industrial & Engineering Chemistry, Feb., 
128 

Welded Cromansil Structures in Railway Service 


Charlton, Railway Mechanical Engineer, Jan., 
7 Reconditioning Rail Ends, C. H. R. Howe, 
ling Engineer, Jan., p. 17. 
Steel Castings in Welded Structures, R. H. Long 
,. Machinery, Feb., p. 340 .... Developments in 


ing Applied to the Foundry Industry, R. Tylet 

dry Trade Journal, Jan. 10, p. 41. 

Welded vs. Cast Iron Jigs and Fixtures, G. L. 
Iron Age, Jan. 24, p. 18. 

Grinding Stainless Steel Welds, E. P. Grismer, 
sive Industry, Feb., p. 9. 

Stress Relieving Is Perfected for Large Welded 

els, F. W. Thompson, Industrial Gas, Feb., p. 21. 
Penetration of Steel by Soft Solder and Other 

ten Metals at Temperatures of not over 400° C. 
G. Van Ewijk, British Institute of Metals, Paper 
March Meeting .... Brazing of Domestic R¢ 
rator Parts, H. M. Webber, American Machinist 
16, p. 44 


Properties and Tests 


Further Experiments on Atmospheric Action i 
e, H. J. Gough, British Institute of Metals, Paper 


March Meeting .... Fatigue Resistance of Steel 
S. M. Shelton and W. H. Swanger, Bureau of 
lards, Journal of Research, Jan., p. 17... . Fatigue 


re of Metals, F. Bacon, Iron & Coal Trades Re 
Feb. 1, p. 207. 

Redesigning for High Strength Steel Sheets, V. H 
ce, Product Engineering, Feb., p. 51 . 

gth of Bolt Heads and Bolt Threads, H. B. Puls 

Steel, Feb. 11, p. 3. 


istic Pr perties of Riveted Connections, J. C. 
Proceedings American Society of Civil E: 
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=THE SIMPLIFIED: 


PYRO opticai bynGaeten 





The only self-contained, 
direct reading. rugged 
and fool-proof instru- 
ment for steel plants 
and foundries. 





> 
improved PYRO Surface Pyrometer 


The Pyrometer instrument Co, 


107-9 Lafavette St.. New York, N.Y 


Grant Building, Pitteburgh, Pa 














PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell Hou 
For 100 wrtable hardness testin for metals the 
SC LEROS( opt is used the world over lescribed r 


bulletins S-22 and 5-30 
For testing rubber our bulletins R-+ and BR 
For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testin etc.., 
send for bulletins M-3, M-6 and M descr ptive { the 
VONOTRON, now in general use 








THE SHORE INSTRUMENT & MEG. CO, 


Van Wvyek Ave. & Carll St lamaica. New York, SN. ¥ 
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CROMANSIL STEEL 





Chemical Analysis Physical Properties 
Chromium ..... .47%]| Tensile Str. . 81,400 p.s.i. 
Silicon. ...... .77% | Yield Point 55,800 p.s.i. 
Manganese. .. . . 1.26% | Elongation in 2”... 228% 
Carbon. ...... 14% 








CROMANSIL STEEL 


WELD METAL 


' 7 


Nw 


6) 





PHOTOS A & B: PHYSICAL PROPERTIES 


Tensile Strength—99,500 p.s.i Yield Point—93,500 p.s.i. 
Elongation in 2°'—21% 
PHOTO C: PHYSICAL PROPERTIES 
Tensile Strength—80,500 p.s.i Yield Point—74,750 p.s.i 


Elongation in 2 26 


Murex Mineral Coated Electrodes make it easy 
to obtain weld metal to fit almost any specified 
requirement. One Murex Electrode, for example, 
deposits weld metal closely matching the Cro- 
mansil steel above. ..an important factor where 
welds are subject to dynamic stresses and fa- 
tigue. Another, used to weld higher strength 
Cromansil steels, provides tensile strengths of 
approximately 100,000 p.s.i. with ductility of 
21% in 2 inches. 

Because of their excellent welding qualities, 
as well as the superior deposits they assure, 
Murex Electrodes for welding alloys steels... 
including Carbon- Molybdenum .50, Carbon- 
Molybdenum .80, 2!3% Nickel, .85°> Nickel, 4%- 
6°o Chrome .. . have found wide acceptance 
throughoutindustry. All are standard Murex Elec- 
trodes and can be furnished promptly from stock. 

Let us put you on the list to receive the new 
Murex Booklet, soon to be published. When writ- 
ing, ask for Booklet, 2 a. 


METAL & THERMIT CORPORATION 


120 Broadway New York, N. Y. 
Albany Chicago Pittsburgh S.San Francisco Toronto 


MURE X 


EAVY MINERAL 
OATED ELECTRODES 
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Age Hardening 


cast condition? I refer to the nickel bronz 
The ordinary tin bronzes containing u 
10°. of tin are not appreciably hardened in the 
way we are discussing—and this may |}, 
ascribed chiefly to the fact that there is littl 
change in the solubility with temperature of th: 
When 3 to 4 


nickel is added, a remarkable change takes plac 


delta phase in the alpha phase. 


in this solubility curve, and, although the solu- 
bility at higher 
700° C. (1300° F.) 
temperatures is lowered from about 12% to about 


temperatures — say around 


is little altered, that at lowe: 


2° of tin. In consequence the nickel-treated 
bronze is rendered age hardenable. Here is a 
case in which a non-hardenable alloy, by a mer 
distortion of its temperature-solubility relations, 
(Structural 


‘ 


is transformed into an “aging” one. 
diagrams are shown on page 50.) 

The conveniently hardenable range com- 
prises those alloys containing from 3 to 10% of 
tin and from 3 to 10% of nickel. Within this 
range their properties vary somewhat, but choos- 
ing an alloy containing 8% tin and 7.5% nickel 
as a representative one, the following properties 
are characteristic of the sand cast alloys: 


As Cast As Treated 
Proportional limit .......... 25,000 50,000 
Tensile strength ............55,000 90,000 
es awe es bk 18 15 
Reduction of area .......... 18 25 
RE nee ee 100 175 


The heat treatment consists usually of an- 
nealing and quenching from about 1400° F. fol- 
lowed by tempering at about 600° F., although 
air cooling will suffice for the first treatment of 
small castings. 

Their value lies primarily in the excellent 
mechanical properties possessed by alloys which 
can be handled by the brass foundry, and w! 


! 
! 


‘ ° . } 
possess casting properties (and particularly high 


proportional limits) comparable with the 
nary foundry bronzes. Incidentally, these s 
alloys after casting can be readily cold rolled 
exhibit, as one would expect, even better | 
erties in the rolled and heat treated cond 
than as cast. Tensile strength values of 
125,000 psi. are possible in such alloys © 


rolled and heat treated. 


METAL PROC 





